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This  report  is  one  of  •  series  of  technical  survey  reports  whicb  Jisve  been 
prepare*!  by  Battelle  Memorial  Institute  on  a  suhoont'sct  under  Prime  Contract 
NoiW33«038  ac«l4l05,  Project  HAND,  between  The  RAND  Corporation  and  the  United 
States  Air  Force. 

This  collection  of  the  physical  and  thermodynamic  properties  of  a  diverse 
variety  of  elements  and  compounds  which  may  be  of  interest  as  the  oxiditers  in 
rocket  propellant  mixtures  was  compiled  in  the  course  of  Battelle’s  exploratory 
work  for  Project  RAND.  In  many  instances,  the  data  ^  u  not  readily  obtainable 
but  were  scattered  throughout  the  physical  and  chemical  literature.  To  make  these 
data  available  to  others  working  in  the  rocket  propulsion  field,  they  are  being 
published  as  RAND  reports.  • 

This  is  the  second  volume  of  three  related  compendia  of  physical  propertios 
and  thermodynamic  functions  of  rocket  and  ramjet  propellant  substances.  The  three 
volumes  are  entitled;  I,  Fuels;  II,  Oxidizers;  and  III,  Products  of  Condlnttticst, 

The  information  contained  in  chi,«  ro|>ort  was  compiled  during  the  period  October!, 
1947  to  November  15,  1948. 
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SUMMARY 


A  conipilulioit  uf  tite  pliyajcfil  properties  and  tliei'-todyiiadiir  functions  of  tliirleen 
chemical  clenicnla  and  conipoviiids  whicli  may  he  of  interest  os  oxidiicr  componente 
for  rocket  propellant  mixtures  has  been  pre|wred.  All  available  sourcea  of  infonnotion 
were  consulted,  and  tliis  report  presniits  what  are  believed  to  be  the  moat  reliable 
values. 


All  the  data  pcrtoiiiinp  to  encti  oxtifiter  hnve  liecn  gronpeil  together  and  are 
arranged  in  the  following  order; 

}.  Molecular  formula. 

2.  Molecular  weight. 

3.  Melting  or  lieczihg  ' 

4.  Hoiliiig  point  un<l/or  .aubl  iiniit  ion  temperature. 

5.  Density  (vapor;  liquid;  solid). 

6.  Vapor  pressure, 

7.  Triple  point. 

8.  Viscosity  (vapor;  liquid). 

9.  Surface  tension. 

10.  Coefficient  of  thermal  expansion. 

11.  Coefficient  of  thermal  conductivity. 

12.  Dipole  moment. 

13.  Heat  of  fusion. 

14.  Heat  of  vaporizalion  and/or  sublimation. 

1$.  Heat  of  formation. 

16.  Heat  of  combustion. 

17.  Critical  data. 

18.  Equation  of  state. 

19.  Compressibility, 

20.  Heat  capacity  of  vapor,  and  C^. 

21.  Batio  of  specific  heats. 

22.  Heal-  capacity  of  liquid  niid  solid. 

23.  Free  energy  of  formation. 

24.  Frce*cncrgy  function. 

25.  Heat-coniont  function, 

26.  Entropy. 

In  some  coses  there  arc  gaps  in  the  available  data.  Where  this  is  true,  the 
entry  ’’no  information"  has  been  made  under  the  appropriate  heading  in  the  data 
sheets. 

For  convenience  of  reference,  the  .sources  of  the  data  cited  have  been  included 
os  9  part  of  each  doto  sheet.  In  addition,  o  detailed  bibliography  of  all  .sources 
con.sulted,  vdiether  the  reported  resultf  were  used  or  not,  ia  appended  to  the  re|X)it, 
These  bibliographie.s  will  serve  os  our  i  >  for  further  research  on  specific  comiiounds 
and  will  also  indicate  the  degree  ■>.  hocitivcness  of  search  foe  data  made  in  aiw 
given  cose. 
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iNTttODtCTION 


This  report  is  ono  of  a  Acno*  of  technical  aurvoy  reports  whiclk  hove  been 
prepared  by  Oottelle  Memorial  Institute  on  a  subcontract  under  Prime  Contract 
No.W^3-030  ftc*l<il05,  Project  RAND,  between  The  RAND  Corporat  ion  and  the  United 
States  Ai r  Force. 

Thia  collection  of  tl»e  phyaical  and  tharaiodynuiaic  propcrtie.s  of  o  diverse 
variety  of  elements  and  coinpounda  whicit  may  be  of  iiiteii-st  os  the  oxidizers  in 
rocket  propellant  mixtures  was  compiled  in  the  course  of  Raitclle'a  exploratory 
work  for  Project  RAND.  In  many  inetaftcea,  the  data  wore  not  reodily  obtainable 
l)ut  wore  scattered  throughout  the  physical  and  cherai<'nl  literature.  To  make  these 
(Iota  available  to  othcre  working  in  the  rocket  propulsion  field,  they  are  being 
published  as  RAND  reports. 

Till .•1  IS  llic  scccnd  Volume  ot  three  related  'Otapendia  of  phy-Hieal  propicrtics 
and  iliermodynami c  functions  of  rocket  and  ramjet  propellant  substances,  llic  three 
volumes  arc  entitled:  I,  Fuels;  If,  Oxidizers;  and  III.  Products  of  Combustion. 

The  infomijition  conlainevl  in  thia  report  was  conpilod  during  U>e  jieriod  October  1, 
1047  to  November  15,  1048. 
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BOHON  TRIFLliOlUBl- 


MOLECULAR 

FORMULA 

MOLECULAR 

WEIGHT 

67.82 

Ref.  Intel  national  Atomic  Weights, 

1  947. 

MELTING  POINT 

Melting  point  =  144.46‘’K 

Ref.  Eucken,  A.,  and  Schrfider,  E., 
Z.  physik,  Chem.,  B,  Vol.41 
(1938),  pp. 307-19. 

BOILING  POINT 


Boiling  point  =  )?2.2‘'K 

This  value  critirally  selected  from  the  literature. 


DENSITY 


Bef,  K.K.  Kell! 


y ,  V  .  S .  Du  i'  I  iri  i  rt  e 


Dull.  383  (1935). 


Temperature  (°C) 

-103 
-95.  0 
-91.8 
-87.6 
-83.4 
-80.  5 
-78.3 
-77.7 


Den.sity  (gm/cc) 

0.7365 

0.6495 

0.6452 

0.6379 

0.6314 

0.6276 

0.6255 

0.6235 


Ref.  Biltz,  Le  Bouchsr,  a/.d  Ki:i(:hei'. 
Z.  a  n  o  r  g  .  Che  m  .  ,  V o  i  .  2  0 
(1932),  p.6?. 


i 

I 

i 

§ 


Liquid 


d 

d 


1.58  gm/ml  at  -lOl^C 
1.68  gm/ml  at  “128*^C 


Ref.  Biltz,  Le  Boucher,  and  Fischer, 
2.  aiiorg,  Chem.  ,  Vol .  207  (1932), 
p .  67 . 


Sol  id 


d  —  1.98  gm/cc  at  — 188'^C 


Ref.  Biitz,  Le  Boucher,  and  Fischer, 
2.  anorg.  Chew.,  Vol. 207 
(1932),  p.67. 


VAPOR  PRESSURE 


Temperature  ( 

*C)  Pressure  ( a 

tm) 

I 

-12.25 

49.0 

1 

! 

-14.60 

45.5 

-20.12 

38.5 

; 

-29.96 

27.9 

1 

-35.00 

23.8 

1 

-39.20 

20,5 

\ 

1 

—49. 25 

13.8 

a 

t 

Ref.  Booth  and  Carter,  J.  Phys, 

t 

1 

Che*.,  Vol 

36  (1932),  pp.1359-63. 

Temperature  (®K) 

Pressure  (mm  Hg) 

State 

1 

i 

:«27.e 

5.0 

Soli  d 

131.4 

9.5 

138.9 

29.0 

tt 

U3  4 

54.7 

ft 

145.9 

70. 1 

Liquid 

= 

155,4 

177.9 

tl 

)03.2 

355.  1 

tr 

).70.3 

615.1 

-V 

173,  1 

760  (Extrapolated) 

Ref.  Pohland  and  Harlos,  2.  anorg. 

Chtm.  ,  Vol. 207  (  1932),  pp. 

_ 

242-45. 
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BOHON  IHIFLDOBIDR  (Coni'd) 
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CniTICAL  DATA 


t,  =  -12.25  ±  O.OS^^C 
Pj.  =  49.  2  ±  0.  1  atm 

Ref.  Booth  and  Carter,  J.  P  hys . 
C^em.,  Vol.  36  (  1932),  pp.1359.63. 


EQUATION  OF  STATE  (  ^ 

^  V  No  information 

COMPRESSIBILITY  \ 


HEAT  CAPACITY  OF  GAS,  Cp  AND 


Temperature  (‘’K)  Cp 

(cal/mole  deg) 

298.16 

12.063 

300 

12,094 

350 

12.981 

400 

13.764 

450 

14.454 

500 

15.059 

600 

16.046 

?00 

16. 792 

800 

17.358 

900 

17.792 

1000 

18.  120 

Above  data  calculated  on 
and  infrared  spectra. 

Basis  of  Raman 

Ref. 

Spencer,  J.  Chem 
14  (1946),  pp.729 

RATIO  OF  SPECIFIC  MEATS 


No  information 


DORON  TRIFLUOHIDE  (Cont'd) 


HEAT  CAPACITY  OF  LIQUID  AND  SOLID 


Liquid 


Temperature  (“^K) 

144.46 

145 

150 

160 

170 

173 


Cp  (cal/inole  deg) 
Melting  point 

24.  53 

24.  64 
24.84 

25.  05 
25.  10 


Ref.  Eucken  and  Schroder,  Z.  physik. 
Chen.  ,  P  ,  Vo  1  .  4  1  (1  938), 

pp.  3  0  7  •  1  9  . 


Solid 


Temp  (”K) 

Cp(cal/mole  deg) 

Temp  ('^K) 

Cp(cal/mole  deg) 

12 

1.28 

60 

9.67 

15 

1.87 

70 

10.  53 

20 

2.90 

80 

11.  28 

25 

3.95 

90 

12.03 

30 

5.04 

100 

12.  76 

35 

6.07 

no 

13.53 

40 

? .  00 

•20 

14.  44 

45 

7.83 

130 

15.  58 

50 

8.52 

140 

16.76 

55 

9.13 

Ref.  Eucken  and  Schrader,  Z.  physik, 
Chen.,  B,  Vol.41  (  1  9  3  8), 
pp. 307 - 19 . 


FREE  ENERGY  OF  FORMATION 


No  information 


FREE- ENERGY  FUNCTION 

Temperature  (  ®K) 

-{F^  -  H^)/T  (cal/mole  deg) 

298. 16 

51.357 

300 

51.414 

350 

52.892 

400 

54.230 

450 

55.464 

500 

56.611 

600 

58.70 

700 

60.  58 

800 

62.29 

900 

63.85 

1000 

65.31 

Ref.  Spencer,  J,  Chem,  Phys, ,  Vol. 

14  (1946),  pp. 729-32. 

HEAT-CONTENT  FUNCTION 

Temperature  (®K) 

(/i®  •"  //")/T  (cal/mole  deg) 

298.16 

9.330 

300 

9.  355 

350 

9.811 

400 

10.257 

450 

10.686 

500 

11.094 

600 

11.841 

700 

12.497 

800 

13.071 

900 

13.572 

1000 

14.012 

Ref.  Spencer,  J.  C/»e».  Phys,,\olA4 
(1946),  pp.729.32. 


ENTHOPY 


Temperature  (^K)  S®  (col/mole  deg) 


298. 16 

60.695 

300 

60.770 

350 

62.702 

400 

64.480 

450 

66. 150 

500 

67.704 

600 

70.54 

700 

73.07 

000 

75.  36 

900 

77.42 

1000 

79.32 

Ref.  Spencer,  J-  Chem,  Fhys,,  Vol.l4 
(1946),  pp. 729-32. 


BROMINE 


MOLECULAR  FORMULA 

Btj 

MOLECULAR  WEIGHT 

ICO  oo 

A  V  «  V  h/ 

Ref. 

International  Atomic  Ifeights, 
1947  . 

MELTING  POINT 

Me  1  ting  poin t  =  • 

-7.2®C 

Ref. 

Weber,  Bull.  Bur.  Standards, 
Vol.9  (1913),  p.l31. 

BOILING  POINT 

Boiling 

point  =  58.80®C 

at  760  mm  Hg 

Ref. 

Douzat  and  Liluan,  Compt.  rend., 
Vol.178  (1924),  p.635. 

DENSITY 


Vapor 


No  information 


Liquid 


Toiiiporaturo  (*C) 


0 

20 
2S 
30 

R«f.  International  Critical  Tables, 
Vol.3  (1928),  p.ao. 


Density  (gn>/cc) 

3.1875 

3.1193 

3.1023 

3.0848 


Solid 


VAPOR  PRESSURE 


d  =  4. 107  gm/cc  at  — 194*C 

Ref.  Landolt«Bornatein  Physicaliich” 
Chemische  Tabellen,  3d  Suppl. 
(1935),  p.262. 


Liquid 

Temporaturo  (**€)  Pres  aw  re  (ma  Hr) 


-5.05 

50 

+8.20 

100 

16.95 

150 

23.45 

200 

33.05 

300 

40.45 

400 

46.6 

500 

51.95 

600 

56.3 

700 

58,75 

760 

Ref.  Ramsey  and  Young,  J.  Chen.  Soc. , 
Vol.49  (1886),  p.453. 


UUOMINK  (Coni’ U) 


VAPOn  PHESSUnE 

(  Co  n  t '  d ) 

So  I  i<l 

Temp  (*C) 

Pro8s.  (mm  llg) 

Temp  ( ®C) 

Press,  (mm  H^) 

->05 

0.0022 

-SO 

1 . 09 

-00 

0.0052 

-4  5 

1.03 

-0  5 

0.0117 

-40 

2.98 

-80 

0.0251 

-3  5 

4.77 

-?5 

0.0513 

-30 

7.45 

-70 

0.  102 

—2  5 

11.4 

—65 

0.192 

-20 

17.  1 

-fiO 

0.3.5? 

-15 

25.2 

—55 

0.628 

-10 

36.6 

Ref.  1  n  t  e  1  i\(it  t  otiu  1  Critical  Tables, 

Voi  .  3 

(1920),  p.201. 

TRIPLE  POINT 

Temperature  =  266‘'K 

Ref.  Furth,  Cambridge  Phil.  Soc. 

Proc, 

Vol.37  (1941),  p.252. 

VISCOSITY 

Vepor 

Tempc  ra  ti’re  (®C) 

r|  X  lO’  (poises) 

19 

1526 

20 

1 

e  S'  • 

21 

1535 

24 

1524 

25 

152<' 

138 

2097 

1  90 

2369 

211 

2500 

242 

2626 

316 

2999 

349 

3163 

410 

3476 

535 

4106 

588 

4300 

Ref.  Broune,  Bosch,  oiul  Wenl/el,  Z. 
phy  s  i  k  .  Ch  ent  A,  Vol  .  137 
(1928),  pp.176,  447. 
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Liquid 


Temperature  (  ”C)  r)  X  10*  (j>oia<»a) 


-2.6 

1287 

+7.0 

1136 

13.6 

1056 

10.5 

995 

27.0 

925 

31.  4 

901 

I)of.  Iniernat  lonai  Critical  Tables, 
VoK7  (J930),  p.212. 


SUnFACE  TENSION 


(Against  air) 

Tempera  lure  (  ^C) 
0 

20 

SO 


•y  (dyuea/cm) 

45. 0 
41.5 
36.2 


Itef.  Jn<ernn  t  tonal  Critical  Tables, 
Vol.4  (1926),  p.447. 


COEFFICIENT  OF  TIIEPMAL  EXPANSION  {LIQUID) 

Temperature  (  ^C)  Volume  Relationship 


0 

100, 000 

5 

100,536 

10 

101,001 

IS 

101,635 

20 

102,197 

25 

102,768 

30 

103,347 

35 

103,934 

40 

104,529 

45 

105,132 

SO 

105,742 

55 

106,359 

60 

106,983 

Ref.  Thorpe,  J.  Chem,  Soc.,  Vo  1,37 
(1880),  p,141. 


OnOMINE  (Coni' 0) 


COEFf'IClENT  OF 

THERMAL  CONDUCTl V J TY 

No  information 

DIPOLE  MOMENT 

Slat  e 

Tefnperoluro  {“O 

Oebye 

Re  fe fence 

Liquid 

1-10 

0.40 

(1) 

Go  s 

10.7-138.8 

0.  00 

(2) 

Refa.  (1) 

An  del' sun,  Proc,  Phys,  Soc,, 
Vol ,40  ( 1928) ,  p.62. 

(2) 

l.ifi,  Z.  Physik,  Vol. 84 
(1933).  p.767. 

HEAT  OF  FUSION 

e  2,  585  cal/mole 

Ref.  Regnault,  Ann,  c/iim.  dt  phys. 

(3), 

Vol. 26  (1840),  p.278. 

HEAT  OF  vaporization 

Temperature  (®C)  A//^ 

( kcal/molc 

)  Reference 

10.0 

7.47 

(  1) 

25.0 

7.685 

(2) 

ar> 

7. 26 

(3) 

61.6 

6.  96 

(4) 

Refs. (1) 

Smita  and  Cnnncgietcr,  Z, 
physik,  Ch«m,  ,  A,  Vol . 168 
(  1934),  |>.391. 

(2) 

Kelley,  0,S.  Bur,  Mints 
PuU.3S3  (1935). 

(3) 

Androwa,  Qjart.  J,  Chtn, 
Soc.  London,  Vol.l  (1049), 
p.27;  Pogg.  Ann,  t  Vo  1.7. 5 
(1848),  p.SOl. 

(4) 

Rerthelot  and  Ogior,  Ann. 
chim.  it  phys.,  5,  Vo 1.30 

(1883),  p.400;  5,  Vol. 30 
(  1803),  p.4U. 

!2 


HEAT  OF  FORMATION 


Liquid 

AHj,j  ,  =  0,  by  d«finitioA 


L  - 

HEAT  OF  COMBUSTION 

No 

in  fornn  tion 

CRITICAL  DATA 

=  302. 2 “C 

•it 

“  l.lfl  gm/ml 

Ref.  N«dejdine, 

Kitvtr  Unit'.  Unters., 

Vol.6  (1085),  p.32;  Vo  1.9 

(1885),  p 

.  ?2l. 

EQUATION  OF  STATE 

No 

in  formation 

COMPRESSIBILITY 

- 

Pc 

1  F,  -  V, 

-  V,  •  P,  -  P, 

Temper aluru 

(^C) 

Pr«c»urc  Range  (atm) 

P  X  10* 

-■ 

20 

0-100 

63.  5 

20 

100-200 

58.4 

20 

200-300 

54.6 

20 

300-400 

52.  1 

20 

400-500 

49.9 

- 

Ref.  Lnndolt-Boi’nsiein  Physicalisch'- 

Chem i s  ch  c 

Ta  b  c 1  1 e  n ,  Vol.l 

- 

(1923),  p 

.95. 
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UROMINE  (Coiit'd) 


HEAT  CAPACITY 

OF  VAPOR,  Cp  AND 

Temp 

C> 

Temp 

(^K) 

(cal/mole  deg) 

("^K) 

(cal/mole  deg) 

200 

8.272 

850 

8.989 

250 

8.486 

900 

9.  001 

298.  1 

8.618 

950 

9.011 

300 

8.622 

1000 

9.022 

350 

8.713 

1050 

9.031 

400 

8.777 

1 100 

9.041 

450 

8.824 

1150 

9.050 

500 

8.859 

1200 

9.059 

550 

8.888 

1250 

9.068 

600 

8.911 

1300 

9.077 

650 

8.931 

1400 

9.094 

700 

8.948 

1500 

9.  113 

750 

8.963 

1600 

9.132 

800 

8.977 

Ref.  Gordo 
Phys, , 

n  and  Dames,  J.  Chem. 
Vol.l  (1933),  p.692. 

RATIO  OF  SPECIFIC  MEATS 


-rr  =  1.32  at  0.3  to  1.5  atm  and  20  to  350®C 
% 

Rc  f,  I  Critical  Tables, 

Vol.5  (1929),  p.80. 


HEAT  CAPACITY  OF  LIQUID  AND  SOLID  No  information 


FREE  ENERGY  OF  FORMATION 
Ga  s 

^^2*9  a.  1  ==  ”'^54  cal /mole 

Liquid 

^^298  I  =  0,  by  definition 


Ref.  Kelley,  U.S.  Bur,  Mines  Bull. 
383  (1935), 


FKt;E-ENEIU:y  function 


Temperstur*  (®K) 


—  B^)/T  (cal/molc  cleg) 


200 

47.822 

250 

47.509 

298.1 

50.868 

300 

50.918 

350 

52. 130 

400 

53. 196 

450 

54. 146 

500 

55.006 

550 

55.789 

600 

56. 509 

650 

57. 176 

700 

57. 797 

750 

58. 377 

800 

58.922 

850 

59.437 

900 

59.923 

950 

60.384 

1000 

60.823 

1050 

61.242 

1100 

61.643 

1150 

62.026 

1200 

62. 394 

1250 

62.747 

1300 

63.087 

1400 

63.732 

1  CAA 

A.  »/ VV 

64.  334 

1600 

64.898 

He  f  .  Gordon  and  Barne.s.  J.Chtm, 

Phys.,  Vol.  1  (1933),  pp. 692-95. 

HEAT- CONTENT  FUNCTION 

T<sniperat  ure  (*K) 

(/r  -  H*)/r  (cal/mole  deg) 

298.16 

7.796 

300 

7.801 

400 

8.028 

500 

8.186 

600 

8.  303 

700 

8.392 

800 

8.462 

900 

8,  520 

BROMINE  (Coni' a) 


HEAT- CONTENT  FUNCTION  (Co 
Temperature  (®K) 


1000 

1100 

1200 

1300 

1400 

1500 


t 'd) 

-  Ht)/T  (cal/moie  deg) 

8.  $68 
8.609 
8.644 
8.675 
8.703 
8.728 


Hef,  Selected  Values  of  Chemical 
Thermodynamic  Proper  tie s ,  Hat . 
Bur.  Standards,  June  30,  1948. 

ENTROPY 

Temperature  (®K) 

5* (ca 1/mole  deg) 

200 

55.291 

250 

57.162 

298, 1 

58.667 

300 

58.722 

350 

60.058 

400 

61.226 

450 

62.263 

500 

63.194 

550 

64.040 

600 

64.814 

6  50 

65. 528 

700 

66.191 

750 

66.809 

800 

67.388 

650 

67.932 

900 

68.446 

950 

68.933 

1000 

69 . 396 

1050 

69.836 

1100 

70.257 

1150 

70.659 

1200 

71.044 

1250 

71.414 

1300 

71.770 

1400 

72.443 

1500 

73.071 

1600 

73.660 

Ref.  Gordon  and  Barnes,  J.  Chem, 

Phys.,  \ol.l  (  1933),  pp. 692-95. 

BROMINE  TRlFLt'ORlDE 


MOLECULAR  FORMULA 

BrFa 

MOLECULAR  WEIGHT 

136.92 

Ref.  Internat icnal 
1947. 

Atomic  Weights, 

MELTING  POINT 

Melting  point  =  S.S'^C 

Ref.  Ruff,  Angetf. 

(  1933),  p.739. 

Chem, ,  Vol.46 

BOILING  POINT 

Boiling  point  =  127. 0*C 

Ref.  Buff,  Angew. 
(1933),  p.739 

Chem, ,  Vol.46 

DENSITY 

Vapor 

No  information 

Liquid 

d  ~  2.843  gm/cc  at  8.8°C 

=  2.51  gm/cc  at  127, O^C 

Solid 

d  —  3.23  gm/cc  at  8.8'^C 

Ref.  Ruff,  Angew.  Chem.,  Vol.46 
(1933),  p.739. 
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BROMINE  TRirLUORIDE  (Cont'd) 


VAPOR  PRESSURE 


Temperature  (*^C)  Pressure  (iiiiiiHg)  State 


-5 

1.2 

Solid 

0 

1.8 

5 

2.6 

It 

10 

3.8 

Liquid 

20 

7.4 

II 

30 

13.7 

11 

40 

23.8 

It 

60 

63.0 

It 

80 

736.0 

|l 

127 

760 (Extrapolated) 

Boiling 

point 


Ref,  Ruff  and  Braida,  Anor^,  Ch 
Vol.214  (1933),  p.91. 


TRIPLE  POINT  \ 

VISCOSITY  I 

SURFACE  TENSION  / 

COEFFICIENT  OF  THERMAL  EXPANSION  >  No  information 

COEFFICIENT  OF  THERMAL  CONDUCTIVITY  I 

DIPOLE  MOMENT  1 

HEAT  OF  FUSION  I 


HEAT  OF  VAPORIZATION 

=  approx  10.0  kcal/mole 

Ref,  Ruff  and  Braida,  Z,  Anorg. 
Chem.,  Vol.206  (1932),  p.63. 


HEAT  OF  FORMATION  f  „  .  , 

)  No  information 
HEAT  OF  COMBUSTION  ) 


CRITICAL  DATA 


~  approx  327'’C 


Ref.  Ruff  and  Braida,  Z.  Anorg. 
Chem.,  Vol.206  (1932),  p.63. 


EQUATION  OF  STATE 

COMPRESSIBILITY 

HEAT  CAPACITY  OF  GAS,  AND 

RATIO  OF  SPECIFIC  HF \TS 

HEAT  CAPACITY  OF  LIQUID  AND  SOLID 

FREE  ENERGY  OF  FORMATION 

FREE -ENERGY  FUNCTION 

HEAT- CONTENT  FUNCTION 

ENTROPY 


No  information 


CHLORINE 


MOLECULAR  FORMULA 

Cl, 


MOLECULAR  WEIGHT 

70.914 

Ref.  International  Atomic  Weidhts, 
1947. 


MELTING  POINT 

Melting  point  =  — 100.96*'C 

Ref.  Giauque  and  Powell,  J,  Am. 
Chcm.  Soc.,  VoI.61  (  19  39), 
p. 1970. 


BOILING  POINT 

Boiling  point  =  — 34.  05*C 

Ref.  Giauque  and  Powell,  J.  Am. 
Chrm.  Soc.  ,  Vol  .61  (  1939), 
p. 1970. 
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CHLORINE  (Cont'd) 


DENSITY 

Liquid 

and  Gas  (Saturated) 

Temperature  ( ^C) 

Density  (gm/ml) 

Liquid 

Gas 

■ 

“100 

1.717 

- 

“90 

1. 694 

-80 

1.673 

— 

-70 

1. 646 

-60 

1.622 

— 

-50 

1.598 

-40 

1 . 574 

— 

-30 

1. 550 

— 

-20 

1.524 

— 

-10 

1.496 

— 

0 

1.4678 

0.0128 

+  10 

1.438 

0.0175 

20 

1.408 

0.0226 

30 

1.  377 

0.0300 

40 

1.344 

0.0384 

50 

1.310 

0.0486 

60 

1.275 

0.0600 

70 

1.240 

0.0740 

80 

1.  199 

0.0910 

90 

1.156 

0.1125 

100 

1.  109 

0.  1360 

110 

1.059 

0. 1640 

120 

0.  998 

0.  206 

130 

0.  920 

0.  258 

140 

0.750 

0.  405 

144.0 

0.  573 

0,573  (Critical  Point) 

Ref.  Pelloton,  J.  chim.  et  phys., 

Vol.l3 

(1915),  p.426. 

Solid 

No  information 

VAPOR  PRESSURE 

Liquid 

Temperature  (*C) 

Pressure 

(mm  Hg) 

-100.98 

10 

44 

-97.66 

14.07 

-92.72 

21 

58 

-87.64 

32 

50 

20 


Liquid  {Coni' d) 

Pressure  (mm  Mg) 


47.74 
68.31 
95.07 
129.49 
172.74 
232.51 
301.24 
393.96 
500.42 
632.73 
793.05 

Ref.  Giauque  and  Powcllt  J ,  /Im. 
Chtm,  Soc  .  ,  Vol  .61  (  1939), 
p.1970. 

Solid  No  information 

h— - - - 

TRIPLE  POINT 

Temperature  =  — 100.98*C 
Pressure  =  10.44  mm  Mg 

Ref,  Giauque  and  Powell,  J,  4»i. 
Chtm.  .9oc.  ,  Vol  .6!  (  1939), 
p.1970. 


VISCOSITY 

Gas 

Temperature  (^C) 

20 

50 

100 

150 

2u0 

250 


r)  X  10^  (poises) 

1327 

1469 

1679 

1875 

2085 

2276 

Ref.  Trautz  and  Ruf,  .4nn.  Pkysik.  (5), 
Vol. 20  (1934),  p.127. 


Temperature  ( ^C) 

-82.59 
-77. 59 
-72.67 
-67.86 
-63.  10 
-57.92 
-53.19 
'’48.00 
-43. 14 
-30.12 
-33.05 
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VISCOSITY  (Con  t‘ci) 
Gos  (Con  t  *  d) 


Temperature 

(®C) 

>)  X  lO’(poise.s) 

15.6 

1294 

225.5) 

2191 

297.0 

2400 

307.3 

2539 

333.4 

2626 

402.7 

2070 

419. S 

2940 

474.  3 

3143 

49H.tt 

3209 

Ocf.  Braune  and  Linkc,  2.  pliysik. 

Chem.  ,  A  ,  Vol  .  1  4  0  (  1  9  30  ), 
p. 195. 

Liquid 

Tompor  atur  e 

(“a 

TT]  (poises) 

-76.5 

0.00729 

-74.0 

0. 00710 

-70.  5 

0.00680 

-65.  4 

0.00646 

-60.0 

0.00610 

-53.0 

0.  00569 

-45.1 

0.00530 

—33 . 0 

0. 00409 

Bef.  Sleocie  and  Johnson,  J.  /Im. 

C/iem.  Soc.  ,  Vol  .  47  (  1  92  5), 
p  .  7  5  4. 

sun FACE  TENSION 

Temperature  ( “ 

C) 

Y  (dynes/cm)  lleference 

-72 

33.6.5  (1) 

-34.5 

27  (2) 

nef.s.(l)  Grunmach,  Drnd,  Ann.,  Vol. 4 

(1901),  p.374. 

( 2 )  International  Critical 

Tables,  Vol . 1 ,  p.l03. 

I  ■) 


(Id  ^quilibi'ium  with 
Temperature  ( 


0.0 

0.7 

11.0 

12.0 

12.7 

17.3 
10.  i 

19.4 
28.0 
50.0 


Batui'atcd  vtiporl 

Y  ( dyncs/cm) 

21.00 

21.60 

19.85 

19.60 

19.47 

18.56 

18.40 

18.27 

16.99 

13.39 


Ref.  Marcliand,  J,  chin,  phys,, 
Vol.ll  (1913),  pp. 573-76. 


COEFFICIENT  OF  THERMAL  EXPANSION 


Gas 


Change  in  volume  per  unit  volume 
tween  0*-100*^C  at  760  mm  llg' 

Ref. 


Liquid 

Tempo la turo  (”C) 


-50 
-2  5 
-  0 
+25 
50 
75 
100 

Ref. 


per  ®C  =  0.003030  be- 


Hodgman,  Handbook  of  Chants  try 
and  Physics,  1947,  p.l7S4. 


a 


0.00151 

0.00162 

0.00187 

0.00219 

0.00259 

0.00314 

0.00430 

Lange,  2.  angeu'.  Chem.  ,  Vol.l3 

(1900),  p.683. 


COEFFICIENT  OF  THERMaI.  CONRUCTIVITY  No  information 
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CIILOHINE  (Coni’  d) 


DIPOLE  MOMENT 


|jI  =  0,23  debyp,  for  the  rqb 


Hef.  Zokriewski  nn<i  Do hor  7.  y  n  a Ui, 
Bull,  intdrn.  acaJ.  poton.  sci., 
A.  1930,  p.300. 


HEAT  OF  FUSION 


=  1531  i  I  cnl/molf  al  -100.98‘’C 


Hof.  Gian  quo  and  Powo  I  I  ,  J.  Afl. 
C/ip,h.  Soo.  ,  Vo  1  .  61  (  193  9  ). 
p.  1  970  . 


HEAT  OF  VAHOHIZATION 


=  4(170  i  4  ciil/mole  «t  34.05*’C  and  760  mro  M{£ 

Ref,  Giauque  and  Powell,  J .  Am, 
C/.em,  Soc.  ,  Vol  .61  (  1  9  39), 
p.  1970  . 


HEAT  OF  FORMATION 


A//Jjg =  0,  by  definition 


heat  of  COMBUSTION 


No  information 


CRITICAL  DATA 


143. 9°C 
76  otm 
0.573  gm/cc 

Ref.  l^ickcring,  J.  Phys.  Chem., 
Vo  1.20  (  1924),  p.9?. 


EQUATION  OF  STATE 


/>  ^ 
I 


where 


s*  pressurcj  o  tin 
V  w  volume,  litcra/molft 
H  «  0.08207  liter  atm/mole  deg 
T  a  temp, 

n  ^  number  of  moles 
a  =  6.493  litor^  atm/mole^ 

6  a  0.05622  liter/molo 

Ref.  Lange,  {tandiook  of  Cheni  s  t  ry^ 
1946,  p.1473. 


COMPRESSIBILITY 

Tenipe  raturc  (J^C) 


Pressure  RonHelatm)  Sx  10* 


10-100  118 

100-200  no 

200-300  102 

300-400  90.7 

400-500  04.5 


Ref.  LondoU-B6rn8tein,  Physikalisch- 
Chemische  Tabellen,  Vo  1.1 
(1923),  p.95. 


HEAT  CAPACITY  OF  GAS,  C.  AND  C. 


Temp 

(“K) 

Cp 

(cui/niole  dog) 

Temp 

(^K) 

100 

6.998 

000 

150 

7.232 

873 

200 

7.575 

973 

243 

7.827 

1073 

270 

7.970 

1173 

273.  1 

7,987 

1200 

318 

8.  176 

1273 

373 

0.352 

1373 

391 

0.400 

1473 

452 

8.526 

1600 

473 

8.564 

1673 

573 

8.60.5 

1765 

673 

8.770 

1892 

773 

0.023 

2000 

Temp  Cj> 

( *K)  (cai/mole  deg) 


000  8.847 

873  0,079 

973  8.915 

1073  8.94) 

1173  8.964 

1200  6.969 

1273  8.904 

1373  9.004 

1473  9.019 

1600  9.040 

1673  9.051 

1765  9.060 

1892  9.068 

2000  9.071 

Ref.  Trautz  and  Ader,  /J.  p/iysiA,  Vo»  .09 
(1934),  p.l5. 


CHLORINE  (Cont'd) 


HEAT 

CAPACITY  OF 

GAS,  Cp  AND 

C„  (C  on  t  ' 

d) 

Temperature  (*K) 

C„(cal/mole  deg) 

273 

5.97 

373 

6.32 

473 

6.53 

573 

6.65 

800 

6.79 

■1200 

6.9 

1600 

6.9 

2C00 

7.0 

2400 

7.0 

2800 

7.0 

Ref.  Nernst  end  Wohl,  Z,  tec/i. 

Phy 

sik.,  Vol.lO  (1929),  p.608. 

RATIO  OF  SPECIFIC  HEATS 

Can 

be  calculated 

from  data 

above 

HEAT 

CAPACITY  OF 

LIQUID  AND 

SOLID 

Temp 

Cp 

Temp 

(  "K)  * 

cal /mole  deg) 

(  “K)* 

(cal /mole  deg) 

14.05 

0.610 

102. 92 

10.22 

15.21 

0.916 

108.06 

10.38 

17. 40 

1.331 

112.99 

10.57 

19.81 

1.842 

118. 15 

10.81 

22.93 

2.467 

123.53 

11.00 

26.37 

3.  192 

128.67 

11.24 

29.88 

3.946 

134. 06 

11.47 

33.94 

4.804 

139.67 

1 1.72 

37.68 

5.421 

145. 19 

11.92 

42.37 

6.018 

150. 39 

12.24 

47.14 

6.67  5 

155.45 

12,41 

58 .  59 

7.879 

160.31 

12.69 

65.42 

8.382 

164.99 

12.93 

70.50 

8.720 

172.12 

Melting  Point 

75.25 

8.973 

178. 91' 

16.01 

79,71 

9.201 

183.75 

16.02 

84.06 

9.427 

138.40 

15.99 

88.66 

9.626 

193.21 

15.99 

93. 47 

9.827 

194.08 

15.95 

98.06 

10.03 

201. 50 

1  5.94 
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Temp 

Temp 

(“K)* 

<cal/mole  deg) 

(cal/mole  deg) 

208,63 

15.92 

229.73 

15.79 

215.90 

15.85 

236.77 

15.73 

222. 82 

15.81 

239.05 

Boiling  Point 

•0'=’C  = 

273.10‘’K 

Ref.  Gi 

auque  and  Powell,  J .  An, 

Ch 

e«.  Hoc.  ,  Voi .61  (1 939), 

P- 

1  970  . 

FREE  ENERGY  OF 

FORMATION 

Gas 

by  definition 

}  FREE- ENERGY  FUNCTION 

(Clj  equilibi 

ium  mixture) 

Temp 

-(f"  -  S“)/T 

Temp 

-(F*  -  £‘)/r 

(*K) 

(cal/niole  deg) 

(^K) 

(cal /mole  deg) 

250 

44.666 

1200 

56.979 

298.  1 

45.951 

1250 

57.324 

45. 997 

i500 

57, 656 

350 

47. 141 

1400 

58.286 

400 

48.148 

1500 

58.876 

450 

49. *049 

1600 

59.430 

500 

49.865 

1700 

59.952 

550 

50.611 

1800 

60.446 

600 

51.298 

1900 

60.916 

650 

51.936 

2000 

61.363 

700 

52,  531 

2100 

61.789 

750 

53.0C9 

2200 

62. 196 

800 

53.614 

2300 

62. 587 

850 

54. 110 

2400 

62.962 

900 

54.  580 

2500 

63. 324 

950 

55.027 

2600 

63.672 

1000 

55.453 

2700 

64.009 

1050 

55.859 

2800 

64.334 

1100 

56.248 

2900 

64.649 

1150 

56.621 

3000 

64.956 

Ref.  Giauque  and  Overstreet,  J.  An. 

So 

c.,  Vol.54  (1932),  p.1731. 
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CHLORINE  (Cont'd) 


HEAT- CONTENT  FUNCTION 


mperature 

(ir  -  u°)/T 

(’’K) 

(cal/mole  deg) 

298.16 

7.358 

300 

7.  363 

400 

7.596 

500 

7.704 

600 

7.935 

700 

8.057 

800 

8.156 

900 

8. 2  38 

1000 

8.  309 

1100 

8.370 

1200 

8.423 

1300 

8.469 

1400 

8.510 

1500 

8.548 

Ref.  Selected  Values  of  Chemical 
Thermodynamic  Properties,  Nat, 
Bur,  Standards,  June  30,  1948. 


ENTROPY 


erature  (  ®K) 

•5^  (cal/ntoie  deg) 

298. 16 

53.286 

300 

SJ*.  336 

400 

55.720 

500 

57.625 

600 

59.207 

700 

60. 562 

800 

61.744 

900 

62.792 

ICOO 

63.735 

1100 

64. 590 

1200 

65. 375 

1300 

66.096 

1400 

66.767 

1500 

67. 393 

Ref.  Selected  Values  of  Chemical 
Thermodynamic  Properties,  Nat. 
Bur.  Standards,  June  30,  1948. 
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» nmnlWniaaHtta* . 


CHLORIINE  TRIFLtORIDE 


i 

I 


MOLECULAR  FORMULA 

CIFj 

MOLECULAR  WEIGHT 

92.46 

Ref.  International  AtomicWeights, 
1947. 

MELTING  POINT 

Melting  point  ss-82.6*C 

Ref.  Ruff,  /Ingem,  Chem^,  Vol.46 
(1933),  p.739. 

BOILING  POINT 

Boiling  point  12. 1*^0 

Ref.  Ruff,  Ang«if.  Chen,,  Vol.46 
(1933),  p.739. 

DENSITY 

Va  por 

Temperature  ('’K)  Pressure  (mm  llg)  Density  (gm/ml) 

294,1 

286.0 

758.1  0.003585 

494.2  0.002437 

Liquid 

Ref.  Ruff  and  Krug,  Z,  anorg.  Chen, , 
Vol.l90  (1930),  p.270. 

d  =  1.77  gm/ml  at  12. 1“C 

Ref.  Ruff,  Angeui.  Chen.,  Vol.46 
(1933),  p.739. 

.Solid 

No  information 
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IlilOMBBIIIIIlllBIIII 


CIILOUINE  TlUFrUOniDE  <Cont'd) 


VAPOR  PRESSURE 

Temperature 

(“O  Pressure  (mm  Hg) 

“71.9 

10 

0 

495 

11.3* 

760 

*This  value  later  determined  by  Ruff,  Angett. 

Chem.  ,  Vol . 46 

(1933).  p.739,  to  be  12.1°C. 

Ref.  Ruff  and  Krug,  2.  c.norg,  Chem,  , 
Vol.190  (1930) ,  p.270. 

TRIPLE  POINT 
VISCOSITY 
SURFACE  TENSION 

COEFFICIENT  OF  THERMAL  EXPANSION 
COEFFICIENT  OF  THERMAL  CONDUCTIVIIT 
DIPOLE  MOMENT 
HEAT  OF  FUSION 


HEAT  OF  VAPORIZATION 

A//„  =  5900  c a  1/mole  at  760  mm  Hg 


Ref.  Huff  and  Braida,  Z.  anorg.Chem. 
Vol.214  (1933),  p.91. 


HEAT  OF  FORMATION 
HEAT  OF  COMBUSTION 


CRITICAL  DATA 


=  153. 5 ”C  (calculated) 


Ref,  Ruff  and  Krug,  Z.  anorg.  Chem. 
Vol.190  (1930),  p.270. 
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EQUATION  OF  STATE 
COMPRESSIBILITY 

HEAT  CAPACITY  OF  GAS,  Cp  AND  C„ 
RATIO  OF  SPECIFIC  HEATS 
HEAT  CAPACITY  OF  LIQUID  AND  SOLID 
FREE  ENERGY  OF  FORMATION 
FREE* ENERGY  FUNCTION 
HEAT- CONTENT  FUNCTION 
ENTROPY 


FLUORINE 


MOLECULAR  FORMULA 

Fa 

MOLECULAR  WEIGHT 

38.00 

Ref.  International  A  tomic  He  ights , 
1947. 

MELTING  POINT 

M'^lting  point  =  217.9''C 

Ref.  Kanda,  Bull,  Chem,  Soc,  Japan, 
V0I.I2  (1937),  p.Sll. 

BOILING  POINT 

Boiling  ! 

loint  ~187.95  i  0.  I'^C  at  760  tnm  Hg 

Boiling  point  == 


Ref.  Claussen,  J .  Am.  Che  m .  Soc  ,  , 
V0I.S6  (1934),  p.614. 


FLUORINE  (Confd) 


DENSITY 

Gas 

d  =  1 . 695  gnvfliters  at  0°C  and  760  mm  Hg 

Ref.  Iniernational  Cr i t  ical  Tab le s , 
Vol.l  (1927),  p.l02. 

Liquid 

Temperature  (“C)  Density  (gm/cc) 

-200  1.14 

“187  1.108 

Ref.  Moissan  and  Dewar,  Bull,  soc, 
chim.  (3),  Vol.17  (1097),  p.931. 

Solid 

d  =  1.3  at-204.  1°C 

Ref.  Iniernational  Cr it ical  Tab le s , 
Vol.l  (1926),  p.l04. 

VAPOR  PRESSURE 


Temperature  C’K) 

Pressvire  (nmi  Ug) 

59.60 

10,  1 

63.61 

26.  3 

65.00 

35.  5 

68.70 

65.2 

69. 99 

92.05 

72.85 

143.35 

75.01 

209.  1 

77.31 

289.  5 

79,35 

381.5 

79.90 

402. 35 

83.43 

608,  1 

84.52 

712.75 

85.00 

740.  1 

86.21 

845.2 

Ref.  Kanda,  Bull.  Che/n.  Soc.  Japan, 
Vol.12  (1937),  p.416. 


TKlPLt:  POINT 

No  information 

VISCOSITY 

Gas 

Temperoture  (°K) 

Pressure  (rnm  Kg) 

)■)  X  10''  ( poises  ) 

273.2 

763 

2093 

240.9 

763 

1727 

220.6 

763 

1611 

213.1 

765 

1492 

192.3 

765 

1379 

167.9 

765 

1201 

140,0 

750 

1000 

110.9 

758 

875 

06.0 

758 

555 

Ref.  Kanda,  Bull.  Chem.  Sac.  Japan, 

Vol.12  (1937),  p.463. 

Liquid 

No  information 

SL'lirAGE  TENSION 

Temperature  (“K)  Y  (dynes/cm) 

61 

.41 

13.05 

6.S 

30 

13.  i? 

71.00 

12.20 

01 

.50 

10.  41 

Re  f,  Kanda,  J .  Che  m ,  Soc,  Japan, 

Vol.58  (1937),  p,706. 

-  -  -  ------- 

COEFFICIENT  OF  THERMAL  EXPANSION 

COEFFICIENT  OF  THERMAL  CONDUCTIVIl’Y 

No  information 

DIPOLE  MOMENT 

HEAT  OF  FUSION 

MIf 

=  372  cal/mole  ac 

35,2^K 

Ref.  Kanda,  Bull.  Chem.  Soc.  Japan, 

Vol.r>  (1937),  p.463. 

33 


HEAT  OF  VAPORIZATION 


A//y  =  1560  cal/mole  at  "1B7.95‘’C 

He  f .  Claus  sea,  J.  Am,  Chem,  Soc.f 
Vol.56  (1934),  p.614. 


HEAT  OF  FORMATION 

I  “0  for  gas 

HEAT  OF  COMBUSTION  No  information 

CRITICAL  DATA 

Pc  ^  55  atm 

Ref.  Cady  and  Hildebrand, An.  Chen, 
Soc. ,  Vol.52  (1930),  p. 3042. 

EQUATION  OF  STATE 

(p  +  ^)(F  -  n6)  =  nRT 

where 

P  =  pressure ,  atm 

V  =  volume,  liters/mole 

R  =  0.00207  liter  atm/niole  deg 

T  =  temp.  ,  **K 

n  =  number  of  moles 

<»  =  1.1793  liter*  atm/molo* 

h  =  0.02608  liter/mole 

Ref.  Dodge,  Chemical  Engineering 
Thermodynamics  (1944),  p.662. 


COMPRESSIBILITY 


No  information 


HEAT  CAPACITY  OF  uAS,  Cp  AND 

Temperature  (  °K)  Cp  (cal/mole  dog) 


298.1 

7.522 

300 

7.530 

400 

7.912 

500 

8. 186 

600 

8.373 

800 

8.594 

1000 

0.710 

1200 

8.777 

1400 

8.819 

1600 

8.847 

1800 

8.866 

2000 

8.880 

Ref.  Murphy  end  Venee,  J,  Ch«M. 
Physics,  Vol.7  (1939),  p,006. 

Cy  -  5.S35  cftl/inole  at  298.  l^K 

Ref.  Landau  and  Rosen,  Manhattan 
District  Declassified  Report 
No.  154,  1 -b,  U.S.  Atomic  Energy 
Comm.,  Oak  Ridge,  Tennessee , 
1946. 


RATIO  OF  SPECIFIC  HEATS 

Cp 

—  =  1.360  at  298.  TK 

'-'V 

Ref.  Landau  and  Rosen,  Manhattan 
District  Declassified  Report 
No.lS4,  1-b,  U.S.  Atomic  Energy 
Comm.,  Oak  Ridge,  Tennessee, 
1946. 


HEAT  CAPACITY  OF  LIQUID  AND  SOLID  No  information 


FREE  ENERGY  OF  FORMATION 


Gns 


A  F” 

“  *^3  »«. 


-  0,  by  definition 


FLUoniNE  (Coni' d) 


TREE -ENERGY 

FUNCTION 

To  niporature 

-(f  “  -  //<?)/?■ 

(°K) 

(cal/inole  dog) 

29(1.  1 

41.480 

300 

41. 533 

400 

43.594 

500 

43.230 

600 

46. 594 

flOO 

40.802 

1000 

50.561 

1200 

52.024 

1400 

53.201 

1600 

54.300 

1800 

55.354 

2000 

56.243 

lip  f .  Murphy  and  V  n  n c  p  ,  ■  Che  m  . 

Phys  icr  ,  Vol  .  ?  (  1939),  p.006. 

HEAT- CONTENT 

FUNCTION 

May  bo 

ciilculoiod  from  the 

following  (into: 

11^96. i  ”■  /C  =  2111  cal/n»ole  Oeg 

Temi 

!l^  -  //?««.. 

Temp  //“  - 

(  “K) 

(c-al/molc  deg) 

(  "K  )  (cal /mo It*  deg) 

290. 

1  0 

3200  25,342 

400 

706 

3400  27,126 

600 

2,416 

3600  20,906 

000 

4.112 

3000  30,694 

1000 

5,843 

4000  32,401 

1200 

7,591 

4200  34.265 

1400 

9,352 

4400  36,046 

1600 

11,114 

4600  37.035 

1000 

12,086 

4000  39,620 

2000 

14,661 

5000  41,409 

2200 

16, 440 

5200  43,197 

2400 

10,215 

5400  44,903 

2600 

19,9'>4 

5600  46,765 

2000 

21,776 

5«00  40,552 

3000 

23,560 

6000  50,341 

ilef.  Goodrich,  Sach.sel,  and  Mantis, 

11  n  p  u  b  1  i  .s  h  e  <1  C  a  1  c  ii  1  a  t  ions, 

I)  a  1 1  o  I  1  c  Memorial  Institute, 

1947. 
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„  ^  . . .  . . . . . 


ENTROPY 

Temp 

OO 

Temp 

oo 

('’K) 

(cel/molo  (leg) 

(  “K  )  ( c 

a  1/mole  deg) 

29«.  1 

40.576 

1000 

50.500 

300 

40.623 

1200 

60. 119 

400 

50.344 

1400 

61.476 

500 

52. 642 

1600 

62.659 

C>00 

54. 141 

IflOO 

63.694 

noo 

56.594 

2000 

64.637 

Ref.  Murphy 

and  V  Q  »  c o  ,  J  .  C  Uc  m . 

Phys ics 

Vol.7  (  1939).  f).806. 

Temp 

s? 

Temp 

sr 

(  "K) 

(cal/moi&  dog) 

(“K)  (c 

al/niolo  deg) 

2200 

65.403 

4200 

71.245 

2400 

66.253 

4400 

71.657 

2600 

66.965 

4600 

72.057 

2000 

67.625 

4800 

72.439 

3000 

60.242 

5000 

72.001 

3200 

60.017 

5200 

73. 154 

3400 

69.358 

5400 

73.409 

3600 

69.065 

5600 

73.010 

3000 

70.350 

5000 

74. 126 

4000 

70.013 

6000 

74.430 

O#'  f  .  0  ^  r»  Iv  ©  #>  1  o  ^  i  « 

U  n  p  \i  b  1 

i  s  li  e  d  Calculations, 

Bolte 1 1 

e  Memorial  Institute, 

1947. 
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jJUO^EN  PEP.OXIP£  (Cont'd) 


MELTING 

POINT 

Melting 

point  ==  —0 . 89°C 

Ref.  Cuthbertson  Matheson,  and 
Maass,  J.  Am,  Chem.  Soc . ,  Vol . 50 
(1928),  pp. 1120-21. 

BOILING 

POINT 

Boil ing 

point  150. 5 “C 

Ref.  Giguere  and  Maass,  Can,  J. 
Research,  Vol  .18,  B  (  1  940) , 

p.  181  . 

DENSITY 

Vapor  No  information 

Liquid 

.einperature  (*^0  Dens  i  t  y  (gm/cc  ) 

-12. 13 
-9.80 
-8.  38 
-6.23 
-2.05 
-0.53 
+  0.  10 
1.20 
3.00 
5.55 
8.30 
12.60 
15.30 
I ‘<.90 

Hef.  Maass  and  Hatcher,  J.  4m.  Ch 
Soc,,  Vol.42  (1920J,  pp. 2548- 

Sol  i  d 

Tcmpe  rat  lire  {‘^Cl  Density  (gm/cc) 

-4.45  1.6434 

-7.45  1.6437 

Hcf.  Maass  and  Matcher,  J.  Am.  Ch 
Soc.,  Vo1.42  (1920),  ip.2348- 


1 .4774 
1.4751 
1.4733 
1. 4705 
1.4674 
i. 4638 
1.4631 
1 . 4617 
1.4597 
1.4570 
1 .4541 
1.4490 
1 . 4465 
1. 4419 
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UVDROfiEN  PEROXIDE  (Cont'd) 


COEFFICIENT  OF  THERMAL  EXPANSION 

Change  in  liquid  density  per  degree  temperature  change 
(°C)  ==  0.001075  (Range.  -10''  to  20 “O 

.  Ref.  Maass  and  Hatcher,  J,  4 /n.  Chew. 

Soo.,  Vol  .42  (1920),  pp. 2548-69. 


COEFFICIENT  OF  THERMAL  CONDUCTIVITY  No  information 


DIPOLE  MOMENT 


p.  =  2 . 1  debye 


Ref.  Linton  and  Maass,  Can,  J, 
l\esear:h,  Vol. 7  (1932),  p.81. 


HEAT  OF  FUSION 


K  74.  cal/gm 


Ref.  Maass  and  Hatcher,  J.  Am,  Ckem, 
Soc.,  Vol. 42  (1920),  pp. 2548-69. 


HEAT  OF  VAPORIZATION 


—  326  c»l/gm 


Ref.  Maass  and  Hatcher,  J.  4/n,  Chem, 
Soc.,  Vol. 42  (1920),  pp. 2546-69. 


HEAT  OF  FORMATION 


H2  4  Oj  —  HjOj  (  1) 
iSli  =  45,320  cal/ mole 


Ref.  Lamlol  t-Bornste  in,  Physik  aliscti~ 
Cliemi.<iche  Tabellen,  11  (  1923), 
p. 1490. 


HE 


HEAT  OF  COMBUSTION 


No  information 
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CRITICAL  DATA 


tc  =  459.“C 


Ref.  Maass  and  iiiebert,  J.  Am,  Chem. 
Soc., Vol.  46  (1 924), pp. 2693-2700. 


EQUATION  OF  STATE 
COMPRESSIBILITY 

HEAT  CAPACITY  OF  GAS,  Cp  AND  C„ 
RATIO  OF  SPECIFIC  HEATS 


HEAT  CAPACITY  OF  LIQUID  AND  SOLID 

Cp  =  0.579  cal/gm  at  0  to  18.5'’C  ±  4% 

Ref.  Maass  and  Hatcher,  Am,  Chem. 
Soc.,  Vol. 42  (1920),  pp. 2548-69. 

Cp  =  0,470  cal/gm  at —9. 0'^C  to  melting  point  ±  4% 

Ref.  M.ass  and  Hatcher,  J.  Am.  Chen. 
Soc.,  Vol. 42  (  1920),  pp. 2548-69. 


No  information 


FREE  ENERGY  OF  FORMATION 


State 

Fj%g  (cal/mole) 

Gas 

-24,730 

Li  quid 

-28 , 230 

Solid 

-27,980 

Ref.  Lewis  and  Randall,  Thermody¬ 
namics  and  the  Free  Energy  of 
Chemical  Substances,  1st  ed., 
1923,  p.495. 


rni-E- ENERGY  FUNCTION  | 

HEAT- CONTENT  FU.NCTION  )  No  information 

ENTROPY  I 


NITHIC  ACID 


MOLECULAR  FORMULA 

HNO3 

MOLECULAR  WEIGHT 

63.016 

Ref.  International  Atomic  Weights, 
1947. 

MELTING  POINT  1 

Melting 

point  =  —41. 59*C 

Ref.  Forsythe  and  Giauque,  J,  An, 
Chen,  Soc,  ,  Vol.64  {  1942  ), 
pp. 48-61;  Vol.65  (1943),  p.2479. 

BOILING  POINT 

Boiling  point 

=  86. '’C  at  760  mm  Hg 

Re''.  Landolt-Bdrnstein,  Phy sikalisch- 
Ch  9 i s  che  Tab  e 1 1 e  n ,  Vol.2 
(1923),  p.1477. 

DENSITY 

Vapor  (Air  =  1) 

Temperature  {'’€) 

Specific  Gravity 

86 

2.  05 

100 

2.02 

130 

1.92 

160 

1.79 

1^)0 

1. 59 

220 

1.42 

250 

1.29 

256 

i.25 

265 

1.24 

312 

1.23 

The  acid  decompose 

s  with  temperature  according 

to  the  equation  4IIN03  —  4NOj  +  2H3O  +  Oj  un» 

til  decomposition  is  complete  at  256‘^C. 

Ref.  Carius,  Ber.,  Voi,4  (1671), 

p. 828. 

Liquid 


Temperature  (  “O 


Density  (gm/cc) 

1. 5472 
1.5245 
1.5018 


Solid 


VAPOR  PRESSURE 


Ref.  Klemenc  and  Rupp,  Z.  anorg. 
C7«e«.,  Vol.194  (1930)  *  p.Sl. 


d  —  1.883  gm/cc  at  ~i95*C 


Bef.  Biltz  and  H^lsmaim,  2,  anorg. 
u,  allgem,  Chem,,  Voi.207 
(  1932  ),  p.  377. 


Temperature  ( *C)  Pj'essure  (mro  Hg)  References 


Refs.(l)  Wilson  and  Miles,  Trrns. 

Faraday.  So  c  .  ,  V o  1 .  36 
(1  94  0)  p,  3  56  . 

(2)  Cerl  and  Saenger,  Mortatsh. , 
Vols. 53-54  (1929),  p.l036. 

(3)  Taylor,  Ind.  Eng,  Chsu.. 
Vol.17  (1925).  0.633. 
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NtTHSC  ACID  (Cont'd) 


TRIFLE  POINT  No  informntiun 

VISCOSITY 

Vapor  No  in  forniu'.  ion 

Liquid 

Temperature  (^C) 

(poises) 

10 

0. 0107 

20 

0.00913 

40 

0.00698 

Ref. 

Binghum  and  Stone,  J,  Phys, 
C/ie/n.,  Vol.27  (1923),  p,701. 

SURFACE  TENSION  (99.8%  HNOj) 

Temperature  ('’O 

Y  (dynes/cm) 

11.6 

42.7 

46.  2 

37.  2 

78.  2 

32.  6 

Ref. 

International  Critical  Tables, 
Vol.4  (1928),  p.464. 

I  COEFFICIENT  OF  THERMAL  EXPANSION 

Temperature  Range 

(^C) 

a 

4-14. 2 

0.001274 

14.2-24, 2 

0.001240 

Ref. 

Mellor,  A  Comprehens  ive  Treatise 
on  Inorganic  and  Theoretical 
Chemistry,  Vo  1.0,  p,566. 

COEFFICIENT  OF  THERMAL  CONDUCTIVITY 

DIPOLE  MOMENT 

1  No  information 

HEAT  OF  FUSION 

Allf  2:i03  i  2  ca 

1 /mol e 

at  -41. 59“C 

I 


I 
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Ref.  Forsythe  and  Giauqiic,  J.  Am. 
C  he  m  ,  .-S  o  c  .  ,  V  o  1  .  6  4  (  19  4  2), 

pp.  40-61;  Vol.65  (  1943  ),  p.2479. 


Liquid 


j  ■=  ••41,349  cal/mole 

Ref.  Forsythe  and  Giauque,  J,  4*. 
Chen  .  Soc.  ,  Vol  .  64  (  1942), 
pp. 48-61;  Vol. 65  (1943),  p. 2479. 


ratio  Of  sPEcyric  hf-a 


^’o  ill  f o i  ma  t:  on 


NITRIC  ACID  <Coni*  d) 


HEAT 

CAPACITY  OK 

LIQUID  AND  SOLID 

Liquid  ( data 

from  smuo tiled 

experimentol  curve) 

Temperature  (^K) 

Cp(cal/mole  deg) 

240 

26.70 

250 

26.65 

260 

26.59 

270 

26.  51 

280 

26.42 

290 

26.33 

300 

26.24 

Ref.  Forsythe  and  Giauque,  J,  Am. 

Cliem.  Soc.,  Vol.64  (1942), 
pp. 48-61:  V0I.6S  (1943) ,  p.2479. 

Solid  (data 

from  smoothed 

experimental  curve) 

Temp 

Temp  Cp 

(^K) 

(col/mole  deg) 

(®K)  (cal/molo  dog) 

IS 

0.677 

95  9.794 

20 

1.230 

100  10.06 

25 

1.934 

)10  10.56 

30 

2.740 

120  11.09 

35 

3.609 

130  11.47 

40 

4.468 

140  11.92 

45 

5.193 

150  12.37 

V  V 

C  0  c  c 

\/  •  vf  vA 

160  12,01 

55 

6.463 

170  13.27 

60 

7.01.2 

180  13.72 

65 

7,522 

190  14.20 

70 

7.988 

200  14.70 

7  5 

8.419 

210  15.25 

80 

8.825 

220  15.82 

05 

9.  187 

230  16,46 

90 

9.  510 

Ref.  Forsythe  and  Ginuque,  J.  Am. 

Ch  em  ,  Soc.,  Vol.64  (1942), 
pp.  48-61;  Vol.  65  (1943),  p.2479. 

E'REE 

ENEIK.Y  OK  FORMATION 

Gas 

*  '3  9  8,  1 

-17,554 

Liqui d 

A/'  ~ 

-19,030 

Hof.  Forsythe  and  Giauque,  J.  Am. 

Chem.  Soc  .  ,  Vol.  64  (  1  942), 
pp.46.61;  Vol.  65  (1943),  p.2479. 

FnEE- ENERGY  FUNCTION 


(HNOj  gos) 


Tempera  ture 
(°K) 

275 

298, 1 

300 

325 

350 

375 

400 

42$ 

450 

475 

500 


-  //o“)/T 
(cal/inole  dog) 

54.00 

S4.25 

54.  31 

55.  05 
55.70 
56.45 
57.13 
57.75 
50.35 
58.98 
59,53 

Ref,  Forsythe  and  Giauquc,  J.  Am, 
Chtm.  Soc.  ,  Vol  .64  (  1942), 
pp. 48-61:  Vol, 65  (1943),  p.2479. 


HEAT- CONTENT  FUNCTION 


Tempera  t  ore 
(°K) 

275 

290.  1 

300 

325 

350 

375 

400 

425 

450 


-  K)/r 

(cal/mole  deg) 

9.  16 
9.37 
9.39 
9.62 
9.84 
10.07 
10.31 
10.54 
10.  79 
11.02 
11.25 


Ref.  Forsytlie  and  Giauque,  J, 

Chem.  Soc . ,  Vol . 64  (1942), 
pp. 48-61,  Vol. 65  (1943),  p,24?9. 
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INI  HOP Y 

V  )><>  1 

1 emperalure 

i 

.s- 

(»:a  1  /mole  deg) 

(°K) 

27  5 

63.24 

298.1 

63.62 

300 

63.70 

325 

64.67 

3  50 

65.62 

375 

66.52 

400 

67.44 

425 

68.29 

450 

69.14 

475 

70.00 

500 

70.78 

Liquid 

37.19 

cal/mole  deg 

Ref.  Forsythe  and  Giauque 

'  /  •  >4  w  • 

Chem .  .  0  c ,  ,  Vol.64 

(1912), 

pp.  48-61,  Vol . 6 5  ( 1 943), 

p.2  479. 

[NITROGEN  DIOXIDE 
(Nitrogen  Tetroxide) 


MOLECULAR  FORMULA 

NO2;  N2O4 

MOLECULAR  WEIGHT 

NO  2  =  46.008 

N2O4  =  92.016 

Ref.  International  Atomic  Weights, 
1947. 

MEI.TING  POINT 

Melting  point 

=  — 11.20 ^C  (equilibrium  mixture  of  NOj  and 

N2O4) 

Ref.  Giauque  and  Kemp,  J.  Chem. 
Phys.,  Vol. 6  (1938),  p.40. 
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BOILING  POINT 


Boilirif.’  point  —  2 1 .  1 5  "'C  a  t  760  mm  fig  (  equ  i  1  ibr  ium  mixture 

of  NOj  and  N2O4) 


Ref.  Giauque  and  Kemp,  J.  Che  m. 
Phys.,  V0I.6  (1938),  p.40 


DENSITY 

Vapor 

specific  gravity,  compared  wi 

th  air  as  unity) 

Temp  C^C)  Specific  Gravity  Temp  (°C) 

Specific  Gravity 

4.2 

2.588 

79. 

1.84 

11.3 

2.645 

80.6 

1.80 

24.5 

2.520 

97.5 

1.783 

32. 

2.65 

100.  1 

1.68 

35.4 

2.53 

111.3 

1.65 

39.8 

2.46 

121.5 

1.63 

52. 

2.26 

135. 

1.60 

60 . 2 

2.08 

154. 

1.58 

70. 

1.95 

183.2 

1.57 

Ref.  Friend, A  Textbook  of  Inorganic 

Chenis  try,  V0I.6,  Part  I  (1928), 

P- 

168. 

Above 

values  re  fer  to 

a  mixture  of  NO 

2  and  N2O4  at  equi- 

1  i  br 

ium  at  observed 

tempe  rature  . 

Liquid 

(iN02-N204  equi 

librium  mixture) 

Temperature  ( 

‘"O  Densi  ty  (gm/ml ) 

~5 

1.5035 

-4 

1.5030 

-2 

1.5020 

-1 

1.5000 

0 

1.4935 

+  5 

1.4880 

10 

1.4770 

15 

1.4740 

21.6 

1.4398 

Ref.  Guether,  Anna  le  n  ,  Vol.245 

(1888),  p.96;  Thorpe,  Trans. 

Ch 

em.  Soc. ,  Vol.37(1880), 

P  • 

141  . 

NITBOGKN  DIOXIDK  (Coi.tM) 


IJENSITY  iCunt’d) 

Solid  (NOJ-N2O4  pqui librium) 

Temperature  ("C) 

{ 

Density  (gm/cc) 

i 

-195. 

-79. 

\.97y 

1.899 

Ref.  Biltz,  Fischer, 
Z.  anorg.  Chem. , 
pp. 351 -66 . 

and  Wunnenberg, 
Vol.193  (1930) , 

VAPOR  PRESSURE 

Liquid  (0°C  =  273.10°K) 

Temperature  (°K) 

Pressure  (mm  Hg) 

240.296 

19.97 

240.322 

20.  11 

248.476 

43.58 

255.62 

82.46 

258.78 

108.21 

261.90 

139.78 

264.05 

158.25 

268.04 

198.72 

271.94 

246.66 

275.93 

305.63 

279.32 

364.93 

284.21 

467.85 

238.21 

569.45 

292.14 

688.07 

294.89 

783.29 

Ref.  G  i  a  uque  and 

Kemp,  J .  Chem. 

Phys.,  V0I..6  (1938) ,  p.40. 

Temperature  ('O 

Pressure  (mm  Hg) 

19.9 

721 

29.95 

1133.5 

39.85 

1737 

48.95 

2522 

Ref.  Mittasch,  Kuss 

,  and  .Schlueter, 

Z.  anorg.  Chem. 

,  Vol.159 (1927), 

- 

p .  2  9  . 

Solid  (equilibrium  mixture  of  NOj  and  N2O4) 

Temperature  ( /C)  Pressure  (mm  llg) 


-100 

0.0023 

-90 

0.0093 

-80 

0.0360 

-7(1 

0.1510 

-60 

0.605 

-50 

2.440 

-40 

9.770 

-30 

39.240 

TRIF’LE  POINT 


Ref.  Eger  ton,  Trans.  Che  m.  Soc 
Vol.105  (1914),  p.647. 


Temperature  =  — 11.20°C  at  139.78  mm  Hg 


Ref.  Giauque  and  Kemp,  J .  Che  m 
Phys. ,  V0I.6  (1938) ,  p.40. 


VISCOSITY 

Vapor  No  information 

Liquid  (equilibrium  mixture  of  NOj  and  N2O4) 

Temperature  (°C)  r,  (  centipoises) 


Temperature  (  C) 

0.72 
5.09 
9.  15 
11.87 
15.36 


0.5220 

0.4954 

0.4720 

0.4578 

0.4401 

Ref.  Thorpe  and  Rodger ,  Phil.  Trans, 
Vol.185  (1895),  p.397. 


SURFACE  TENSION 


(Equilibrium  mixture  of  NO2  and  N2O4) 
Temperature  ( Y 


1.6 

19.8 


Y  (dynes/cm) 

30.6  ±  1.0 
27.5  ±  1.0 

Ref.  International  Critical  Tables 
V0I.4  (1928),  p.447. 


M'lHOiiKN  [JIOXIDK  (Cu.mM) 


HKAT  OF  FORMATION 


^  ^^2  98.1 


7964  cal/mole  for  gas 
2239  cal/mole  for  N2O4  gas 


Ref.  G  iauque  and  Kemp,  J .  Che  m 
Phys. ,  V0I.6  (1938) ,  p.40. 


RFAT  OF  COMBUSTION 


No  information 


CRITICAL  DATA 


tc  =  158.2'"’C 
(if.  —  0 . 507  gm/ml 


Ref.  Bennewitz  and  Windisch,  Z. 
p  hys i k .  Che  m .  ,  A,  V0I.I66 
(1933),  p.401. 


p^  =  100  atm 


Ref.  Scheffer  and  Treub,  Z.  physik. 
Chem.,  V0I.8I  (1912),  pp. 308-32. 


EQUATION  OF  STATE 

(Equilibrium  mixture  of  NO2  and  N2O4) 


whe  re 


[P  + 

P  —  pressure,  atm 

V  =  volume,  liters/mole 

/(  —  0.08207  liter  atm/mole  deg 

7  =•  temp,  K 

n  =  number  of  moles 
a  =  5.284  liter^  atm/mole* 
6=0. 04424  liter 


Ref.  Lange,  Handbook  of  Chemistry, 
6th  ed.,  1946,  p.l472. 


COMPRESSIBILITY 


No  information 
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NI'IIUX.K;':  DlOXlDh  ((...ni’.l, 


IIK.VI  CAI’ACITY  oy  gas,  AND  C„ 

(  Kxf.*-r  im**nta  1  Values  for  N2O4) 


Temperature  C"L) 

Cp  (  ca  l/mole 

deg) 

33.73 

11.4 

41.00 

12.0 

M.OO 

12.0 

35.03 

15.2 

60.90 

14.7 

63.33 

16.6 

70.70 

14.9 

80.89 

16. 1 

97.51 

17.5 

(Calculated  Values  for  N2O4) 

Temperature  (  C) 

Cp  (  ca  1/mole 

deg) 

100 

18.8 

110 

18.9 

120 

19.0 

130 

19.  1 

1  40 

19.2 

150 

19.4 

160 

19.5 

Def.  Giauque  and  Kemp,  J .  Che 
Phys.,  V0I.6  (1938),  p.40. 

C„  —  6.67  ca 1/mole  deg  for  NO2  pas  at  15^C  and  1  atm 

Hef.  l.educ,  Che  m  .  Revs.,  Vol 
(1929),  p.l3. 


HAT 10  OF  SPECIFIC  MEATS 

Y  -=■  1.303  a»  1 5  C  a  nd  1  a  Lm  f  or  NO2 

Hef.  I.edue,  C  he  m .  Revs,,  Vol 
(1929),  p.l3. 


'>  1 


MEAT  CAPACITY  OF  LIQUin  AND  SOLID  (NiO^)  , 


Liqu  if] 


Tempt rature  (  "K)  Cp(ca  1/mole  dep) 


265.44 

32.79 

269.9) 

32.92 

275.38 

33.10 

281.19 

33.34 

286.86 

33.60 

291.28 

33.74 

Ref.  Ciauque 

and  Kemp, 

Phys.,  Vo). 6  (1938), 

Solid 

Temp 

Temp 

(  ‘'K) 

(cal /mole  deg) 

(“K)  (ca 

1/mole  deg) 

16.80 

1.315 

128.86 

16.82 

19.  iO 

1.833 

133.97 

17.19 

21.46 

r:.3"0 

140. 15 

17.58 

24.11 

3.000 

144.09 

17.95 

26.95 

3.718 

148.89 

18.26 

30.  18 

4.539 

153.87 

18.65 

33.70 

5.442 

158.93 

19.01 

38.51 

6.544 

163.83 

19.35 

44.08 

7.652 

168.69 

19.66 

49.  10 

8.546 

173.79 

20.03 

54.09 

9.345 

178. 90 

20.39 

58.84 

10.02 

184.06 

20.72 

62.23 

10.52 

189.40 

21.12 

63.66 

10.76 

194.62 

21.53 

67.31 

11.16 

199.98 

21.93 

72.44 

11.68 

205. 60 

22.32 

77.66 

12.32 

210.97 

22.73 

82.52 

12.77 

216.37 

23. 10 

87.50 

13.35 

221. 53 

23.50 

93.03 

13.88 

226.30 

23.83 

98.69 

14.41 

232.37 

24.31 

103.99 

14.87 

238.  12 

24.78 

109.02 

15.26 

243.65 

25. 19 

113.77 

15.66 

249.27 

25.60 

118.69 

15.99 

254.65 

25.94 

123.82 

16.40 

258.26 

26.23 

Ref.  Giauque  and  Kemp 

Phys. , 

Vol.6  (1938) 

J  .  C he  m  . I 
p.40. 


I  J  •  C  h  e  K  • 

f  p  •  4  0  • 


MTH0(;KN  DIOXIDK  ((..r.t’.l) 


FHUE  ENERGY  OF  FORMAT M)N 

=  12.275 

cal/mole  for  IJS02  pas 

^^2  98.1  23,440 

ra  1/mole  for  N2O4  pas 

Ref.  Giauque  and 

Kemp,  ■/  .  Chem. 

Rhys.,  Vol.O 

(1^38),  p.40. 

KHEK-KNERGY  FUNCTION 
Temue  ra  ture 


—  (F.  ~  1^0  } /T  (cal  /mole  dep) 


(  K) 

NO  2 

N2O4 

275 

48. 536 

58.021 

298.1 

49.202 

59.106 

300 

49.252 

59. 192 

325 

49.918 

60.302 

350 

50.538 

61.365 

375 

51.122 

62.377 

400 

51.670 

63.363 

425 

52.195 

64.301 

450 

52.676 

500 

53.617 

550 

54.471 

600 

55.266 

650 

56.010 

700 

56.709 

750 

57.373 

800 

57.992 

850 

58.583 

900 

59.152 

Ref.  Giauque  and  Kemp,  J.  Chem. 
Phys.,  Vol.6  (1938},  p.40. 


HEAT- CONTENT  FUNCTION 

No  iniormation 

ENTROPY 

•''  2'  9  8. 1 

A  ■''  2  9  8  . 1 

( 

rai/mole  dep; 

(ral/mole  dep> 

NOj  pas 

57.47 

-14.  16 

N204  pas 

72.  73 

-71.12 

Ref. 

Giauque  and  Kemp,  .7 .  Chem. 

l>hys.,  Vol.6  {  1938},  p.40. 

NITROGEN  TRIFEEORIDE 


NlTEiOGKN  THIFLUORIDE  (Corn’d) 


VAPOR  PRESSURE 

Temperature  (®C) 

Pressure  (mm  Hg) 

-192.5 

0.2 

-167.5 

17.0 

-140.58 

311.  5 

-137.71 

394.2 

-135.68 

464.3 

-134.94 

490.7 

-133.95 

530.1 

-133.25 

558.7 

-132. 60 

586. 1 

-131.69 

626.9 

-130.85 

667.  3 

-130. 55 

680.8 

-129.76 

722.  2 

-129. 19 

751.0 

-129.07 

756.5 

-128.28 

773. 1 

Ref.  Menzel  and  Mohry,  Z. 

ano rg. 

Chem. ,  Vol.210  (1933), 

p. 2  57 . 

TRIPLE  POINT 

VISCOSm  (Gas  and  Liquid) 

SURFACE  TENSION 

COEFFICIENT  OF  THERMAL  EXPANSION 
COEFFICIENT  OF  THERMAL  CONDUCTIVITY 


DIPOLE  MOMENT 


0.25  debye  at  —80®  to  25®C 
0.21  debye  at  25®  to  95®C 
0.24  debye  at  -80®  to  95®C 


Ref.  Watson,  Kane,  and  Ratnaswainy, 
Proc.  Boy.  Soc.,  A,  Vol.156 
(1936),  p.130. 


HEAT  OF  FUSION 


No  information 


50 


HKAT  OF  VAPORIZATION 


A//„  =  2880  cal/mole  at  -129.0t®C 

Ref.  Menzel  an.H  Mohry,  Z.  a  no  rg 


MOLECULAR 

FORMULA 

Oj 

MOLECULAR 

WEIGHT 

32.000 

- 

Re  f . 

Jnternat  iona  1  Atonic  Weights, 
1947. 

OXYGEN  (Coat'ai 


MELT  I  Nr,  POINT 

Melting  point  — 

-218.  TTC 

Bcf.  Giauque  and  Johnston,  J ,  Am , 
Chem.  Soc. ,  Vol.51  (1929), 
p.2300. 

! 

BOILING  POINT 

Boil iug  point  =  - 

•182.  97‘’C  at  760  .urn  lig 

Ref.  Giauque  ond  Johnston,  J,  Am, 
Chem  .  Soc  .  ,  Vo  1  .  5  1  (  1  9 2  9  )  , 
p  .2300. 

DENSITY 

Gas  (Saturated) 

Temperature  (“C) 

Density  (gm/ml) 

--2 10. 4 

0.0001 

-182.0 

O.OOSl 

-154.51 

0.0385 

-140.2 

0.0805 

-129.9 

0. 1520 

-123.3 

0.2022 

-120.4 

0.2701 

n.,  f  _ )  n., _ 

..V..  ..I'lviiAus  ui.u  syiiiius,  v.v.mmUf.o  • 

Phys,  Lab.  Univ,  Leiden,  No. 117 
(1917). 

Liquid 

Temperature  ("C) 

Density  (gm/mi ) 

-120.4 

0.6032 

-123.3 

0.6779 

-129.9 

0.7781 

-140.2 

0.8742 

-154.51 

0.9758 

-182.0 

1.1416 

Ref.  Mathia.s  and  Onnes,  Communs  . 
Phys.  Lab,  Univ.  Leiden,  No. 117 
(1917) . 
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Li  quid 

( Con  t 'd ) 

Temperature  (“C) 

Density  (gm/ml ) 

1  fi4 . 0 

1.1479 

106.0 

1.1575 

188.0 

1.1671 

190.0 

1.1767 

192.0 

1.1063 

194.0 

1.1959 

196.0 

1.2056 

190.0 

1.2152 

200.0 

1.2240 

202.0 

1.2344 

204.0 

1.2441 

205.0 

1.2489 

Ref.  Baly  and  Donnan,  J.  Chen,  Soc ,  , 

Vol,81  (1902),  p.907. 

Solid 

d  =  1.4C56 

gm/cc  at~252.  5°C 

Ref.  Dewar,  Proc,  hoy.  Soc,,  Vol.73 

(1904),  p.251. 

1 

VAPOR  PRFSSURE 

Liquid 

Temperature  ('’K) 

Pressure  (mm  Hg) 

62.37 

9.59 

68.57 

36.11 

71.71 

64.01 

77.59 

162.15 

81.00 

263.2 

86.18 

493.3 

89.18 

687.8 

89.07 

738.8 

90,13 

760.0 

90.47 

786.6 

Ref.  Cath,  Communs.  Phys .  Lab,  Univ. 

Leiden,  No.l52d. 
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OXYGEN  (Cviiit’d) 


VAPOR  PRESSURE  (Cont‘d) 

Liquid 

(Cottt 'd) 

Temperature  (“K) 

Pressure  (atm) 

118.22 

9.096 

123.84 

12.506 

134.14 

21.328 

142.45 

30.914 

147.81 

38.571 

151.76 

45.142 

154.27 

49.713  (Critical  Point) 

Ref.  Onites,  Dorsman,  and  Holat, 

Con  nuns.  Phys.  Lab.  Univ. 
Leiden,  No. 1451)  (1914). 

Sol  id 

Temperature  (®K) 

Pressure  (mm  Hg) 

37.3 

0.0008 

39.0 

0.0044 

43.1 

0.010 

44.1 

0.022 

46.0 

0.045 

50.7 

0.291 

54.3 

1.20 

Ref.  Aoyama  and  Kanda  ,  Science  Repts  . 

Tohoku  Imp,  Univ.  (1),  Voi.24 

M  ^  ^  1  a-t 

\  A  y  yj  kJ  /  f 

TRIPLE  POINT 

Temperature 

=  -218. 4°C 

Ref.  International  Cr it ical  Tab  le s , 

Vol.3  (1928),  p.203. 

VISCOSITY 

Gas 

Tempo rflt  uro  (“K) 

X10^(poiBe3) 

90 

691 

100 

760 

no 

843 

120 

91? 

130 

999 

140 

1061 

150 

1132 

160 

1202 

170 

1272 

180 

1341 

190 

1409 

200 

147  6 

210 

1541 

220 

1604 

230 

1666 

240 

1728 

250 

1786 

260 

1845 

270 

1902 

280 

1958 

290 

201$  . 

296.  1 

2049 

300 

2071 

Above  values  taken 

from  smoothed  ex* 

perimental  curve 

• 

nel  ,  Johnston  and  McCloskeyt 

J.  Phys , 

Chem,,  Vol.44  (1940), 

p. 1038. 

Liquid 

Temperature (“K) 

7]  (poises  ) 

65 

0.445 

70 

0.356 

75 

0.297 

«0 

0.252 

85 

0.218 

90 

0. 191 

95 

0.168 

100 

0.149 

105 

0.  136 
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OXYGEN  (Coni-'d) 


VISCOSITY  iCont'd) 

Liquid  {Con  t  * d) 


Temperature { °K) 


yi(poises) 

0,  126 
0.119 
0.113 
0.109 
0.105 
0. 102 
0.099 
0,096 
0.094 
0.091 


Above  values  obtained  from  smooth 
curve  of  data  obtained  from 
listed  references. 


Befs.  Rudenko,  Exp,  Thaorct.  Phys . 
( U.S,S.P. ) ,  Vol.  9  (  1939  )  , 
p. 1070. 

Rudenko  and  Schubrikow,  Physik, 
Z  .  Sovjetunion  (  U ,  S .  S .  , 

Vol.6  (1934),  p.470, 

Itterbeek  and  Paemel,  Physico, 
Vol.O  (1941),  p.133. 

Verse haffelt  and  Nicaise, 
C o nm an s ,  Phy  s ,  Lab,  Un  iv , 
Leiden,  No. 149b  (1916). 


SUHFACE  TENSION 

Temperature  ( ‘'K) 

Y  (dynes/cm) 

70 

18.3 

75 

17.0 

80 

15.7 

85 

14.5 

90 

13.2 

Ref.  Rely  and  Donnan,  J,  C/iem,  Soc,, 
Vol.81  (1902),  p.907. 
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COEFFICIENT  OF  THERMAL  EXPANSION 


Gas 


a 


Pressure 

100 

a 

(mm  Hg) 

0"*50"C 

0“-100‘’( 

0 

0.3660 

0 . 3660 

1 

0.3679 

0.3676 

5 

0.37S2 

0.3739 

10 

0.3842 

0.3817 

15 

0.3932 

0.3894 

20 

0.4019 

0.3971 

25 

0.4107 

0.4047 

30 

0.4193 

0,4123 

35 

0.4729 

0.4199 

40 

0.4364 

0.4274 

4$ 

0.4446 

0.4347 

50 

0.4530 

0.4420 

55 

0.4614 

0.4492 

60 

0.4696 

0.4563 

65 

0.4777 

0.4632 

70 

0.4856 

0.4701 

75 

0.4935 

0.4768 

Ref.  Halborn  and  Otto,  Z,Phy$ik, 
Vol.lO  (1922),  p.367;  Int<r. 
national  Cr  it  ical  Tab  les ,  Vol.3 
(1928),  p.9. 


COEFFICIENT  OF  THERMAL  CONDUCTIVITY 


Temp 

k  X  10* 

Temp 

*  X  10» 

(®K) 

(cal/cm  sec  deg) 

(“K) 

( cal/cm  sec  d' 

80 

1.701 

150 

3.287 

90 

1.930 

160 

3.508 

100 

2.159 

170 

3.728 

no 

2.387 

180 

3.946 

120 

2.614 

190 

4.162 

130 

2.840 

200 

4.375 

140 

3.064 

210 

4.584 
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OXYGEN  (Corn'd) 
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I 

i 


HEAT  OF  COMBUSTION 

No  information 

CniTICAl,  DATA 

-  -118.0“C 

a  40,7  atm 

Bef.  Oft nos.  Dors man,  and  Holst, 
CoAfRiuts.  P  hy  t  ,  Lab  .  Un  iv  > 
Leiden,  No  1451)  <1914). 

<!<■  =:  0,4299  gm/oo 

Bef,  Mathias  and  Onnos,  Ptoc,  K.Akad. 
We  tenseb,  Amsteirdam,  Vol.l3 
(1911),  p.939. 

equation  of  state 

I  ni<»\ 

=  n«T 


wh«re 

P  =  pressxire,  «t.m 

V'  =  Yolufn«,  lit«rs/mol6 

T  =  temp,  °K 

R  =  0,0820?  liter  «tm/mole  deg 

n  =  number  of  moles 

<»  =  1,360  liter*  *»tm/roole* 

6  =  0.03103  liter/mole 

fief.  Lenge,  Handbook  of  Chtmintry 
(1946),  p.1474. 
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OXYGEN  (CwiifU) 


COMPRESSIBILITY 

I JIWIMI’ »•*«»«»< 

,, — - - ™ 

Gits 

Pressure 

PV 

( otm) 

0"C 

1S.65®C 

lOO^C  200 “C 

1 

1.000 

100 

0.9265 

1.0045 

1.3750 

200 

0.9140 

0.9945 

1,4000  1.8190 

300 

0.9625 

1,0420 

1.4530  1.8850 

400 

1.0515 

1.1250 

1.5320  1,9610 

500 

1 . 1560 

1.2270 

1.6220  2,0500 

600 

1 . 2690 

1.3370 

1.7200  2.1420 

700 

1.3855 

1.4515 

1,0270  2.2415 

flOO 

1.5030 

1.5660 

1.9340  2,3430 

900 

1.6200 

1.6020 

2.0415  2.4465 

1000 

1.7355 

1.7980 

2.1510 

Hof.  Amsgui,  Ann.  c6im.  et  phys., 

Vol.29  (1893),  p.6H. 

HEAT  CAPACITY  01' 

GAS,  Cp  AND 

Cw 

Temp 

('K) 

Cp  Temp 

(cal/molc  deg)  (  "K  ) 

(cfll/mole  deg) 

0 

0 

1100 

0.440 

50 

6.963 

1200 

8.530 

100 

6.963 

1300 

8.608 

^  vv 

r.  o 
\» .  V  oz. 

1400 

8 . 6  7  0 

250 

6.970 

1500 

0.739 

290.16 

7.01? 

1750 

0,805 

300 

7.019 

2000 

9.024 

400 

7.194 

2250 

9,166 

500 

7.429 

2500 

9.305 

600 

7.670 

2750 

9.418 

700 

7.885 

3000 

9.518 

000 

8.064 

3500 

9,711 

900 

0.212 

4000 

9.079 

1000 

0.335 

iWr-fc 

Hcf.  A 

itf  r  i  c  it!i  Petroleum  I  n  a  1  i  i  u  t  e  , 

Research  Project  Noi44(l94?)^ 
Table  1 ^  V , 
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HATIO  OF  SPECIFIC  HEATS 

Temperature  (®K) 

Cp/Ci,  =  Y* 

1000 

1.3130 

1500 

:.2942 

1750 

1.2081 

2000 

1,2Q24 

2250 

1.2760 

2500 

1.2715  1 

2750 

1.2674 

3000 

1.2630 

3500 

1.2573 

4000 

1.2510 

*Cslcui«<.od  lor  itloal  gns  from  Cp  deta 
ib  above  rofaroncaa 

Ref. 

i 

American  Potroleuai  Inatitute, 
Reacarch  Project  No. 44 (1947), 
Table  l-v. 

HEAT  CAPACITY  OF  LIQUIO  AND  SOLID 
Liquid 


Temp 

Tcm[ 

(“K) 

(ca  l/mole  deg) 

(“K) 

( Cel/moic  deg) 

56.95 

12.76 

75.86 

12.80 

57.95 

12,72 

77.50 

12.04 

60.97 

12.71 

78.  68 

12.83 

61.48 

12.71 

01.13 

12.08 

65.57 

12.71 

82.31 

12.86 

65,92 

12.71 

82.96 

12.88 

68,77 

12.73 

84.79 

12.93 

69.12 

12.75 

06.43 

12.91 

70.67 

12.77 

06.61 

12,95 

71.30 

12.78 

06.97 

12.92 

73.31 

12.01 

07.32 

12.91 

74.95 

12.85 

90.33 

12.99 

Pcf,  Giauque  and  Johiistoit,  J.d*. 
Chem.  Soc.,  Vol .  5 1  (  1929 )  , 
p.300. 


OXYGEN  (Cont'd) 


HEAT  CAPACITY  OF 

LIQUID  AND 

SOLID  (Cont ’d) 

Solid 

Temperature 

Cp 

Tempera  ture 

Cp 

(■^K) 

(cal/roole  deg)  (°K) 

(ca  1/mole  deg) 

12.97 

1. 10 

29.88 

6.61  I 

14.14 

1.52 

30.63 

6.94 

15. 12 

1.60 

31.08 

6.93  1 

15.57 

1.79 

33.05 

7.52  ; 

16.66 

2.33 

33.33 

7.73  ; 

16.80 

2.18 

34.41 

8.08 

16.94 

2.25 

35.57 

8.26 

18.13 

2.67 

35.77 

8.49 

18.32 

2.71 

37.59 

9.08 

18.45 

2.79 

37.85 

9.12  1 

19.34 

3.07 

38.47 

9.80  ! 

20.26 

3.50 

39.99 

9.80 

20.85 

3.60 

40. 18 

9.92 

21.84 

4.20 

40.67 

10.16 

22.24 

4.27 

42.21 

10.73 

Transition  at 

23.66 

Transition  at 

43.76 

25.02 

5.42 

45.90 

11.02 

25.61 

5.57 

47.76 

11.07 

26.75 

5.75 

48. 11 

11.01 

28.00 

6.05 

48.97 

10.99 

28.08 

6.42 

50.55 

11.01 

— 

— 

51.68 

11.03 

52.12 

11.06 

Ref.  Giauque 

and  Johnston.  J.  Am, 

Che  m .  S 

oc.  ,  Vol.51  (1929), 

p.300. 

FREE  ENERGY  OF  FORMATION 

0,  by  definition 

FREE-ENEBGY  FUNCTION 


Temp 

(®K) 

-(F®  -  HS)/T 
(cal/mole  deg) 

lerap 

(®K) 

~(F^  -  H^)/T 
(cal/mole  deg) 

0 

0 

1100 

51.415 

200 

39.294 

1200 

52.077 

250 

40.835 

1300 

52.695 

298.16 

42.061 

1400 

53.272 

300 

42.106 

1500 

53.808 

400 

44.112 

1750 

55.027 

500 

45.675 

2000 

56.103 

600 

46.968 

2250 

57.059 

700 

48.071 

2500 

57.930 

800 

49.044 

2750 

58.730 

900 

49.911 

3000 

59.468 

1000 

50.697 

3500 

60.798 

— 

— 

4000 

61.958 

Ref.  American  Petroleum  Ins titute 
Research  Project  No. 44  (1947) 
Table  0-s.  p. 192. 


HEAT- CONTENT  FUNCTION 

Temp 

(H®  -  HS)/T 

Temp 

(H®  -  HS)/T 

(®K) 

(cal/mole  deg) 

(^K) 

(cal/mole  deg) 

V 

V 

t  a  tyooo 

200 

6.9220 

1300 

7.7238 

250 

6.9307 

1400 

7.7893 

298.16 

6.9418 

1500 

7.3509 

300 

6.9424 

1750 

7.9885 

400 

6.9811 

2000 

8. 1094 

500 

7.0484 

2250 

8.2195 

600 

7.1320 

2500 

8.3196 

700 

7.2248 

2750 

8.4133 

800 

7.3176 

3000 

8.500 

900 

7.4107 

3500 

8.6595 

1000 

7.4970 

4000 

8.8038 

1100 

7.5775 

Ref.  American  Petroleum  Institute  , 
Research  Project  No. 44  (1947), 
Table  0-r,  p.l74. 
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ENTROPY 


Temp 

(®K) 

(cal/mole  deg) 

Temp 

(°K) 

(cal/mole  deg) 

0 

0 

1100 

58.992 

50 

36.567 

1200 

59.730 

200 

46.216 

1300 

60.419 

250 

47.766 

1400 

61.061 

298. 16 

49.003 

1500 

61.659 

300 

49.048 

1750 

63.015 

400 

51.093 

2000 

64.212 

500 

$2,723 

2250 

65.278 

600 

54.100 

2500 

66.250 

700 

55.296 

2750 

67.143 

800 

56.362 

3000 

67. 968 

900 

57.322 

3500 

69.458 

1000 

58.194 

4000 

70.762 

American  Petroleum  Institute 
Research  Project  No. 44 (1947), 
Table  0*t,  p.210. 


MOLECULAR  FORMULA 

OFj 

- 

MOLECULAR  WEIGHT 

54.00 

Ref.  International  Atomic 

Weights, 

■  ■ 

1947. 

1 

MELTING  POINT 

Melting 

point  =~223.8°C 

Ref.  Ruff  and  Menzel,  Z. 

anor  g. 

1 

Chen.,  Vol.190  (1930), 

p.257. 

BOILING  POINT 

Boiling  point 

=  -144.8'’C  at  760  mm  Hg 

Ref.  Ruff  and  Menzel,  Z. 

ano  rg. 

Chem,  ,  Vol.198  (1930), 

p.  39. 

DENSITY 


Gas 

Specific  Gravity  =  1.836  at  — 167®C  (air  =  1) 

Ref.  Lebeau  and  Damienst  Compt, 
r<nd. ,  Vol. 188  (1929),  p.l253. 


Liquid 


d  —  1.90  gm/cc  at  -223. 8*C 

Ref.  Ruff  and  Menzel,  Z.  anorg. 
Ch^m.,  Vol.198  (1931),  p.39. 


Solid 


No  information 


VAPOR  PRESSURE 


Temperature  (°C)  Pressure  (mm  Hg) 


-191.5 

3.2 

-183.5 

12.4 

-168 

93.2 

-163 

169.7 

-161 

211.9 

-157 

289.4 

-150.5 

546.0 

-148 

692.6 

Ref.  Ruff  and  Menzel,  Z.  anorg 
Chem.,  Vol.190  (1930),  p.257. 


TRIPLE  POINT 
VISCOSITY 
SURFACE  TENSION 

COEFFICIENT  OF  THERMAL  EXPANSION 
COEFFICIENT  OF  THERMAL  CONDUCTIVITY 
DIPOLE  MOMENT 
HEAT  OF  FUSION 


No  information 


3 


OXYGEN  FLUORIDE  (Cont'd) 


HEAT  OF  VAPORIZATION 

! 

AWy  =  2508  cal/mol'>  (calculated) 

Ref.  Ruff  and  Meniel>  Z.  anorg. 
Chem.,  Vol.190  (1930),  p.257. 


HEAT  OF  formation 

,  =  5500  ca  1/mole 

Ref.  Bichowsky  and  Rossini,  Themo- 
chtmis  try ,  1936,  p.21. 


heat  of  combustion  No  information 


CRITICAL  DATA 

~  approx  — 83®C  (calculated) 

Ref.  Ruff  and  Menxel,  Z.  anorg 
Che*.,  yol.190  (1930),  p.257. 


EQUATION  OF  STATE 
COMPRESSIBILITY 

HEAT  CAPACITY  OF  UAS,  AND  No  information 

RATIO  OF  SPECIFIC  HEATS 

HEAT  CAPACITY  OF  LIQUID  AND  SOLID 


FREE  ENERGY  OF  FORMATION 

AFj*^g  ,  =  9.5  kcal/mole 

Ref,  Latimer,  Oxidation  States  of 
the  Elements  and  Their  Potentials 
in  Aqueous  Solutions,  1938, 
p .  4  6  . 
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FREE- ENERGY  FUNCTION 
HEAT- CONTENT  FUNCTION 


No  information 


ENTROPY 


~  approx  59  cal/mole  deg 


MOLECULAR  FORMULA 


fief.  Latimer,  Oxidation  Stattfi  of 
the  Blemcnts  and  Their  Potentials 
in  Aqueous  Soiu  t  ions ,  1938, 
p.  46. 


OZONE 


MOLECULAR  WEIGHT 


48.000 


Ref.  Internotionaf  Atomic  Ifeights, 
19  47. 


MELTING  POINT 


Melting  Point  =  — 251.4^0 


BOILING  POINT 


Boiling  point  »  — 


Ref.  Rieeenfeld  and  Schwab,  Ber,, 
Vol.5$  (1922),  p.2095. 
Rieeenfeld,  Z.  Elektrochem,, 
Vol.29  (1922),  p.ll9. 


111.5''  ±  0.2*C  at  7^0  nn  Hg 
112.5^  ±  0.2*0  at  730  mm  Hg 

Bef.  Briner  and  Biedermann,  Helv, 
Chim.  Acta,  Vol.  16  (1933), 
p.207  . 
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OZONE  (Coiit'd) 


DENSITY 

Gas 

d  «=  2.1445  gm/iiter  at  0*C  and  760  mm  Hg 

Def.  Mollor,  A  Comprehensive 
Treatise  on  Inorganic  and 
Theoretical  Chemistry,  Vol.ll 
(1927),  p.894. 


Liquid 

d  -  1.71  ±  0.05  gm/ml  at  -llTC 

Ref.  International  Critical  Tables, 
Vol.3  (1928),  p.21 


VAPOR  PRESSURE 


Temperature 

(*K) 

Pressure  (mm  Hg) 

81.36 

0.00686 

83.24 

0.01519  , 

86.01 

0.04211 

89.94 

0.08890 

Bef.  Spangenberg,  Z,  physik,  Chen., 
Vol.119  (1926),  p.4l9. 

Temperature 

(^K) 

Pressure  (mm  Hg) 

104.  2 

4.8 

111.3 

12.1 

120.0 

33.8 

131.7 

101.7 

142.7 

237.3 

154.6 

500.2 

162.5* 

760.0 

164.7 

840.8 

^  IntarpoUted. 

Bef.  Biesenfeld  and  Beja,  Z.  anorg, 
u.  allgem.  Chem.,  VoI.l32 
(1923),  p.179. 

TRIPLE  POINT  \ 

VISCOSITY  I 

SURFACE  TENSION  f 

COEFFICIENT  OF  THERMAL  EXPANSION  >  No  inlormation 

COEFFICIENT  OF  THERMAL  CONDUCTIVITY  I 

DIPOLE  MOMENT  I 

HEAT  OF  FUSION  / 


HEAT  OF  VAPORIZATION 

AI4  =  2680  CO  1/mole  ot  -lll^C 

Ref.  Kelley,  U.S,  Bur,  l^inet  Bull. 
3S3  (1935). 


HEAT  OF  FORMATION 

A//j8g  ““SS.PS  ±  0.24  kcol/mole  tt  constant  pressure 

Ref.  Gunther,  Wassmuth,  and  Schryver* 
Z,  physik,  Che»,,  A,  Vol.158 
(1932),  p.297. 


HEAT  OF  COMBUSTION  No  information 


CRITICAL  DATA 


=  -5®C  j 

Pf  =  67  atm 
<(<;  =  0,537  gm/cc 

Ref.  Riesenfeld  and  Schwab,  2. 
Physih,  Vol.ll  (1922),  p.l2. 


EQUATION  OF  STATE 
COMPRESSIBILITY 


No  information 
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OZONE  (Cont'd) 


HEAT  capacity  OF  GAS,  AND 

Cp  =  10.94  c«l/mole  deg  at  300®.476^K 
(Culox'iinctric  determination) 

Hef.  Lewis  and  von  Elbe,  J.  Chem, 
Phys.  ,  Vol.  2  (1934),  p.294. 

HATIO  OF  SPECIFIC  HEATS 

1 

t 

^  No  information 

HEAT  CAPACITY  OF  UQUll)  AND 

SOLID  ! 

1 

FHEE  ENEHGY  OF  FORMATION 

8,  16 

39,06  kcol/mole 

Ref. 

Not.  Our.  Standards,  Selected 
Values  of  Chemical  Thermo¬ 
dynamic  Properties,  March  31, 
1947  , 

FHEE. ENERGY  FUNCTION 

Temperature 

-(P  -  F<f)/7' 

(‘‘K) 

(cal/mole  deg) 

298.  1 

48.545 

500 

52.966 

1000 

59.646 

1500 

64.041 

2000 

67.352 

2500 

7( 

0.024 

3000 

72.255 

Ref. 

Sliiind  and  Spucr,  J,  An.  Chem. 
Soc..  Vol.65  (  1943),  pp,l?9. 

2481  . 

HEAT. CONTENT  FUNCTION  No 

information 

ENTHOPY 

=.  50.00 

±  0.  1  cfi 

ll/mole  deg 

Ref. 

Sliand  nnd  Spuer,  J.  An,  Chem. 
Soc,,  Vo  1,6 5  (  1943),  pp.l79, 
2401. 
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l«wia,  B.  ,  and  Von  Kibe,  (■• ,  J.  An.  Chem.  Soc.,  Vol.57  (1935),  pp. 612*14.  (Heat  Capacity) 

1  Beeson,  C.M.,  and  Yost,  D.M.,  J.  Aa,  Chem,  Soc.,  Vol.61  (1939),  pp. 1423*36.  (Free  b.nergy) 

^  Smith,  W.  ,  et  al.,  J.  Chem.  Soc,  (1937),  pp. 1680*90.  (Thermal  Conductivity) 

^  van  Laar,  J.,  J.  Proc.  Acad.  Sci.  Amt  te  rdam,  Vol.l9  (1916),  pp. 295-320.  (Equation 
of  .State) 

Brown,  W.G.,  J.  Aa.  Chem.  Soc.,  Vol.S4  (1932),  pp. 2394*96.  (Entropy) 

Bromine  Trifluoride 

*(♦•■*)  Ruff,  Angea.  Chem,,  Vol.46  (1933),  p.739.  (Phy.sicai  Properties) 

(■**  )  Buff  and  Braida,  Z,  anorg.  Chem,,  Voi.2l4  (1933),  p.91.  (Vapor  Preaspre) 

(44)  2,  anorg,  Chem.,  Vol.206  (1932),  p.63.  (neat  of  Vaporiiation) 

Chlorine 

i*!' )  Giauque  and  Powell,  J,  Am.  Chem.  Soc,,  Vol.61  (  1939),  p.l970.  (Physical,  Thermodyna.mie 
Properties) 

1  Johnson  and  McIntosh,  J.  Am.  Chem,  Soc,,  Vo). 31  (1909),  p.llSS.  (Melting,  Bailing  Point) 
Mlartech,  Z.  physik.  Chem.,  Vol.134  (1918),  p.21.  (Melting,  Boiling  Point) 

<♦*)  Olszewski ,  Konatsh.,  Vol.5  (1084),  p.l24.  (Melting  Point) 

* ***  )  Pel laton,  J.  chim.  et  phys ,  ,  Voi.l3  (1915),  p.42G.  (Density) 

1®^)Ross,  A.S.,  and  Ma.ass,  0.,  Can.  ./.  Hrsearch,  Vol.lB,  B  (1940),  pp. 55*65.  (Density) 


‘See  explanation  on  page  79. 
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Z,  angew,  Chen,,  Vol.l3  (1900),  p.683.  (0«nsity,  Thermal  Expansion) 
Knietsch,  Lieb,  Ann.,  Vol.259  (1890),  p.lOO.  (Density) 

*  >  Ti-aiitr  and  Ruf,  Ann.  Physik,  5,  Vol.20  (1934),  p.l27.  (Viscosity) 

(04)  {jrnune  and  Linkc,  Z,  physik,  Chen,,  A,  Vol.140  (1930),  p.l95.  (Viscosity) 

*<*'’>  Steacie,  K.W.R,,  and  Johnson,  K.M.G.  ,  J.  An,  Chen.  Soe.,  Vol.47  (  1925) ,  pp.  754 -62  . 
(Viscosity) 

*  '  Zakrtewski  and  Dobonnyski,  Bull,  intern,  acnd.  polon.  sci.,  A  (1930),  p.300.  (Dipcie 

Moment) 

)  Grunmach,  Drud.  Ann.,  Vol.4  (1901),  p.374.  (Surface  Tension) 

(seb  )  j^^rchand,  J,  chim.  phys.,  Vol.ll  (1913),  pp. 573-76.  (Surface  Tension) 

iHt  )  Pickering,  J.  Phys.  Chem.  ,  Vol.28  (1924),  p,97.  (Critical  Data) 

'  Trauti  and  Ader,  Z,  Physik,  Voi.89  (1934),  p.l5.  (Heat  Capacity) 

*(sO)Giauque  and  Overstreet,  J.  An.  Chem,  Soc.,  Vol.54  (1932),  p.l731.  (F'ree-Energy  Function, 
Entropy) 

*^®^*Nernat  and  Wohl,  Z.  tech,  Physik,,  Vol.lO  (1929),  p.608.  (Heat  Capacity) 


Chlorine  Trifluoride 


*^®*^Buff,  dnge!?.  Chen.,  Vol.46  (1933),  pp. 739-42.  (Review  of  Properties) 

*'®*)Ruff  and  Krug,  Z,  anorg,  Chen,,  Vol.190  (1930),  p.270.  (Density) 

(*®lRuff  and  Kruger,  Z.  anorg.  Chen,,  Vol.i90  (1930),  p.257.  (Density) 

’i^^lRuff  and  Braida,  Z,  anorg.  Chen,,  Vol.214  (1933),  p.91.  (Heat  of  Vaporisation) 


Fluorine 


EmeleuB,  H.J.,  J.  Chen.  Soc.,  1942,  pp. 441-47.  (Review) 

^®*^Moissan  and  Dewar,  Conpt .  rend.,  Vol.136  (1903),  p.641.  (Melting  Point) 

*  )  Cloussen,  J.  An.  Chen.  Soc,.  Vol.56  (1934),  p.6i4.  (Boiling  Point) 

*<®*>MoissBn  and  Dewar,  Bull.  soc.  chin.  (3),  Vol.l7  (1897),  p.931.  (Density) 


*Se«  explanation  on  page  79. 
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(69  )  Built  CBeut  Soo-  JupM,  V61.12  (1937),  pp.416,  463,  511*20.  (Vtpor  Pr6ssure, 

Viscosity,  Host  of  Fusion) 

(70)  ,  Jt  Chtu.  Sott  Japan,  Vol.58  (1937),  p,706.  (Surface  Tenaioi:) 

^  Cady,  G.H.,  and  Hildebrand,  J.ll.,  J.  An.  Chen,  Soc,,  Vol.52  (1930),  pp. 3839-43.  (Vapor 
Pressure,  Critical  Data) 

^’*^Stackel,  W.  ,  Z.  E  lektrockem.  ,  Vol.36  (1930),  pp. 375*76.  (Heat  of  Dissociation) 

*^®'Desai,  M.S.,  Nature,  Vol.128  (1931),  p.34.  (Heat  of  Dissociation) 

^  Wartenberg,  H.,  and  Taylor,  J.,  Nachr  .  Ges.  Ifiss.  Gottingen  Ma  th  . -pkys  ik  .  E  lass  e  , 
1930,  No.l,  pp.  119*23.  (Heat  of  Dissociation) 

*  Bodenstcin,  M. .  Jockiisch,  H.,  and  Chong,  Shing-llou,  2.  onorg.  al’gen.  Chen.,  Vol.231 
(1937),  pp. 24*33.  (Heat  of  Dissociation) 

Wilson,  B. ,  Phil  Mag,,  Vol.49  (1925),  pp. 336*54.  (Heat  of  Dissociation) 

*  Murphy,  G.M.,  and  Vance,  J.F.,  J,  Chen,  Phys,,  Vol.7  (1939),  pp. 806*10.  (Heat  Capacity, 
Free*Energy  Function,  Entropy) 

)  Landau  and  Rosen,  Manhattan  District  Declassified  Report,  No. 154,  l*b,  U.S.  Atomic 
Energy  Commission,  Oak  Ridgo,  Tennessee,  1946.  (Heat  Capacity) 

^  Garner,  C.S.,  and  Yost,  D.M.  ,  J,  An.  Chen.  .Soc.,  Vol.59  (1937),  pp. 2730*39.  (Entropy) 


Hydrogen  Peroxide 


)  de  Keghel,  M.,  Rev.  ch.m.  ind. ,  Vol.33  (1924),  pp. 128*35.  (General  Properties) 

^  Malusardi,  U. ,  Ann.  Schiapparelli,  Vol.4  (1930),  pp. 271*74.  (Review  of  Properties) 

*** *  Maass,  0.,  and  Hatcher,  W.H.,  J,  An.  Chen.  $oc.,  Vol.42  (1920),  pp. 2548-69.  (Review 
of  Properties) 

^  Maass,  0.,  and  Hertberg,  O.W.,  J,  An.  Chen.  Soc.,  Vol.42  (1920),  pp. 2569*70.  (Melting 
Point ) 

*  )  Cuthbertson ,  A.C.,  Matheson,  G.L.,  and  Maass,  0,,  J,  An,  Chsm.  Soc,,  Vol .  SO  (  1928)  > 

pp. 1120-21.  (Melting  Point,  Density) 

*  )  Giguere  and  Maass,  0.,  Can.  J.  Research,  Vol. 18,  B  (1940),  p.  181 .  (Boi  1  ing  Point, 

Vapor  Pressure) 

>  Matheson,  G.  L. ,  and  Maass,  O. ,  J.  An.  Chen.  Soc,,  Vol. 51  (1929),  pp. 674-87.  (Melting 
Point,  Density) 


*See  explanation  on  page  79. 
34 


0.,  *nd  H«tcher, Soe,,  Vol>42  (1920),  p|>.2S4e‘69.  (IteMity,  Viscosity, 
TherasI  Properties) 

*<••>  Ms«ss.  0.,  shd  Hiebert,  P.G. ,  J.  Am.  Ch«m,  5oc.,  Vo).«  (1924),  pp. 2693«2r00.  (Vspor 
Pressure) 

'***)  Linton,  E.P.,  snd  Mssss,  0.,  Can,  J.  Beaearch,  Vol.7  (1932),  pp. 81-85.  (Dipole  Mowent) 

<*®)  Cuthbertson,  A.C. ,  sna  Mssss,  0.,  J.  Am,  Chtm,  So<,,  Vol.52  (1930),  pp. 489-99.  (Dipole 
Monent) 

> 'fheilscker,  W.,  Z,  physik.  Chcm, ,  B,  Vol.20  (1933),  pp. 142*44.  (Dipole  Mosent) 

)  MscKentie,  R.C.,  snd  Ritchie,  M.,  Proc,  Roy,  Soc.  (London),  Vol.AlBS  (1946),  pp. 207*24. 
(Tliertnsl  Deconposition) 

(®®)Bsker,  B.E.,  snd  Ouellot,  C. ,  Can.  J.  Research,  Vol.23,  B  (1945),  pp.l6?-82.  (Thernsl 
Decomposition) 

(*♦)  Gifuere,  Ann.  ACFAS,  Vol.9  (19^3),  pp.88-S9.  (Theriwil  Decomposition) 

<**>Roth,  i.A.,  Grsu,  R. ,  snd  Meichsner,  A.,  Z.  anorg.  u,  allgem.  Chem, ,  Vol .  193  (1930), 
pp. 161*75.  (Therwsl  Decomposition) 

<•«>  Lewis,  G.N.,  snd  Rsndsll,  M. ,  J.  Am.  Chem.  Soc.,  Vol. 36  (1914),  pp. 1969*93.  (Free 
Energy  of  Formstion) 


I 
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Nitric  Acid 

)  Forsythe  snd  Gisu^ue,  J.  As,  Chem.  Soc,,  Vol. 64  (1942),  pp.48-61j  Vol. 65  (1943),  P* 2479. 
(Melting  Point,  Theriiodynssiic  Dots) 

*<**>Csrius,  Ber.,  Vol. 4  (1871),  p.82e.  (Density) 

*  ^  Klenenc  snd  Rupp,  Z,  anorg.  Chem.,  Vol .  194  (1930),  p.51.  (Density) 


nnj  Hulsmsnn,  Z,  anorg,  u,  allgem.  Chem.,  Vol.207  (1932),  p.377.  (Density) 
Wilson  snd  Miles,  Trane.  Faraday  Soc.,  Vol. 36  (1940),  p.3S6.  (Vspor  Pressure) 
**“'*)  Berl  snd  Ssenger,  Konateh,  ,  Vol. 53-54  (1929),  p.l036.  (Vspor  Pressure) 

*(»o» >  Taylor,  Ind.  Eng.  Chem.,  Vol. 17  (1925),  p.633.  (Vspor  Pressure) 

*  )  Binghsa  snd  Stone,  J,  Phys.  Chem.,  Vol. 27  (1923),  p.701.  (Viscosity) 

*(“’*>Egsn,  Ind.  Eng.  Chem.,  Vol. 37  (1945),  p.303.  (Rest  Cspscity) 


*See  explsnstion  on  psge  79. 
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Nitrogen  Dioxide 


(toe)  ojdo,  G. ,  Ca»i.  ehim  Vol.45,  I  (1915),  pp.41J.43.  (Phy»ic*l  Propertie*) 

Sttita,  A..  Z.  physik,  Chett. ,  Vol.lOO  (1922),  pp. 477-76.  (Boiling  Point) 

Giauquo  and  Katq>,  J.  Ch*m.  Phys. ,  Vol.6  (1936)  pp.  46-52,  (Phyaical,  'n>er#ial  Data) 

*<*»•>  Guethar,  An  .alon,  Vol.24S  (1888),  p.96.  (Density) 

Uorpe,  Trant.  Cheit.  &>c. ,  Vol.37  (1886),  p.  141,  (Density) 

(ttl)  Bilti,  W. ,  Fischer,  W. ,  and  Wuitnenberg,  E.,  Z,  onorg.  Cktm,,  Vol,l93  (1930),  pp.  351*66. 
(Density) 

(>t#)  Bennewitt,  K.,  and  Windisch,  J.J.,  Z%  phytik.  Cheat,  A,  Vol.166  (  1933),  pp. 401-15. 
(Density,  Critical  Data) 

Coon,  E.D.,  J.  Am.  Chem.  A>c. ,  Vol.S9  (1937),  pp.l910.l2. 

Lowry,  T.M.,  Lloyd,  E.,  and  Lloyed,  ».V. ,  J.  Chem,  Soe.  ,  1936,  pp.lO-l?.  (Density) 

<«*®)  Dodenatein,  M.,  and  Ketayasia,  M, ,  Z,  phytik.  Che*.,  Vol.69  (1909),  pp. 29.51.  (Density) 

*(“•>  Mittasch,  Kuaa,  and  Schlueter,  2.  anorg.  Chen.,  Vol.l59  (1927),  p.29.  (Vapor  Pressure) 

Egerton,  Tran*.  Che*.  Soc, ,  Vol .  105  (1914),  p.647.  (Vapor  Pressure) 

(t*®)  Guye,  P.A.  ,  and  Druginine,  G. ,  J.  ehim,  et  phy$,  ,  Vol. 8  (1910),  pp. 473-514.  (Vapor 
Pressure) 

Scheffer,  F.E.C.,  and  Treub,  J.P.,  2.  phyeik.  Che*.,  Vol. 81  (,1912),  pp. 308-32.  (Vapor 
Pressure) 

Russ,  F.,  2.  phyeik.  Chem.,  Vol. 82  (1912),  pp. 217-22.  (Vapor  Pressure) 

<*•*>  Egerton,  A.C.G.,  J.  Chem.  See.,  Vol.loS  (1913),  pp. 647-57.  (Vapor  Pressure) 

*“•*>  Thorpe  and  Rodger,  Phil.  Trane.,  Vol.  185  (1895),  p.397.  (Viscosity) 

<“*>  Nissan,  A.H.,  Phil.  Hag.,  Vol. 32  (1941),  pp. 441-56.  (Viscosity) 

*(ire)  Thorpe,  J.  Che*.  Sec.,  Vol.37  (  1880),  p.244.  (Theriaal  Expansion) 

*<***>  Zahn,  Phytik.  Z,  ,  Vol. 34  (1933),  p.461.  (Dipole  Moi»ent) 

(**®1  Suirkin,  Y.K.  ,  2.  anorg.  u.  allgt*.  Che*.,  Vol.  174  (1928),  pp.  47-56.  (Dipole  MoiMnt) 


'See  explanation  on  page  79. 

86 


1 

t 


jt 


(i»T)  D»tu«c4»,  T. ,  J,  chim,  it  phyt,,  Vol.22  (192S),  pp,101*l$»  (Coii|>rM*ibility) 

Blue,  R.W.,  end  Qieuque,  W.  F. ,  i.  Am.  Chim.  Sot.,  Vel.57  (1935),  pp.991.97.  (Heet 
Ctpecity,  Entropy) 

McCol  un,  E.D,,  J.  Am.  Cktm.  Sot.,  Vol.49  (1927),  pp.2e*3$,  (Hett  Cepncifcy) 

Loduc,  Chem.  Revs,,  Vol .  6  (1929)  p.l3.  (Heet  Cepncity) 

(iOi)  Verhoek,  F.ll. ,  etid  Oeniele,  F.,  J,  da.  Chem.  Sot.,  Vol. 53  (1931),  pp.  12S0>63.  (Diaeociatioa 
Constant) 

Brass,  P.D..  and  Tolman,  R.C. .  J.  Am.  Chem.  Soc,  ,  Vol. 54  (1932),  pp. 1003-20.  (Bsta 
of  Dissociation) 

<‘0O)  xeeter.  C.E. .  J.  Am.  Chem.  Sot.,  Vol. 54  (1932),  p.4Ul.  (Dissociation) 

Colson,  A.,  Compt.  rend.,  Vol. 154  (1912),  pp. 428-30.  (Dissociation) 

Argo,  W.L.,  J.  Phyt,  Chem.,  Vol. Id  (1914),  pp.438-$0.  (Dissociation) 

Wourtsel,  E, ,  Compt,  rend,,  Vol, 169  (1919),  pp.  1397-1400.  (Dissociation) 

(1ST)  A.R.,  and  Teeter,  C.E,,  f/oture,  Vol.  124  (1929),  pp.  444*4$,  (Dissociation) 

Richards,  W.T. ,  and  Reid,  J.A.,  J.  da.  Chem,  Set.,  Vol.  $4  (1932),  pp.  30 14-1$.  Dissociation) 
(iss)  Klauaric,  0.,  Chem.  List/.,  Vol. 24  (1930),  pp. 473-74.  (Dissociation) 

(MO)  Teeter,  C.E.,  J,  Chem.  Phyt,,  Vol.l  (1933),  pp. 251-65.  (Dissociation) 

(lat)  Bodenstein,  M.,  2,  phytik.  Chem,,  Vol.  100  (1922),  pp. 68-123.  (Dissociation) 

(laS)  Bodenstein,  M.,  and  Kata ysM,  M. ,  2,  Elektrochem, .  Vol,  15,  (1906),  pp. 244-49.  (Dissociation) 
(MS)  Gfiiiet,  L. ,  and  Duffieux,  P.N.,  J.  :shyt.  rodiwa,  Vol. 10  (1939),  pp. 82-96.  (Dissociation) 

Nitrogen  Trifluoride 

*<t4a)  Manael,  2.  encrg.  Chem.,  Vol. 217  (1934),  p.93.  (Melting  Point) 

*(tse)  Hentel,  W,,  and  Mohry,  F. ,  Z,  anorg,  CAea.,  Vol. 210  (1933),  p.257.  (Boiling  Point,  Vapor 
Pressure,  Heat  of  Vaporisation) 

*(Me)  Buff,  Fischer,  and  Luft,  2.  onorg,  Chem,,  Vol. 172  (1928),  p.427,  (Density) 

*(UT)  Buff,  2.  anorg.  CAea. ,  Vol. 197  (1931),  p.277.  (Density) 


ii 

§ 


See  exp*»natioo  on  page  79. 
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(14«)  K«n«,  *n«i  Ruiktwwy,  Pr««,  Roy.  Soe,,  Londorii  A,  Vvl .  156  (1936)i  p.l30.  (Dipolo 

MoBMht) 

(14*)  ^|££  anJ  W«ll*u«r,  Z.  Morg.  Cho», ,  Vol.l96  (1931),  p.i28.  (He»t  of  Foreition) 

(»i®)  R**a*w*iiv,  K.L.,  Prot.  Indian  AcoJ,  Sti.  ,  Vol.24  (1935),  pp. 364-77,  (Co«pr«**ibility, 
Dipol«  Moiri«nt) 

Oxygen 

(ISI)  Johntton,  J.  Am.  Chem.  See.,  Vol.51  (1929),  p.300.  (|’liy*io*l,  Thortul 

Prop«tti«s) 

(i»»)  E*tr«ich«r,  Z.  phytik,  Chem,,  Vol.25  (1913),  p.432.  (Melting  Point) 

(1**)  Onne*  and  Ctoanolin,  Proe,  K,  Akad.  Wetenteh,  Amtttfdom,  Vol.l4  (1911),  p.l63,  (Molting 
Point) 

*(154)  Un^ihio*  and  Onnoa,  Connunt,  Phyt.  Lab,  Vniv,  Ltidth,  No.  117  (1911).  (Den»ity,  Thermal 
Expansion) 

*(155)  mjy  Donnan,  J,  Cktm,  Soc,  ,  Vol.81  (1902),  p.907.  (Density,  Surface  Tenoion) 

(*•*)  Dewar,  Pro<,  Roy,  Soe,,  London,  Vol.73  (1904),  p.251,  (Density) 

Molea,  J,  ehim,  tt  pky*.,  Vol.l9  (1921),  p.lOO.  (Density) 

(155)  Proc.  Roy.  See,,  London,  V0I.A8S  (1911),  p.589.  (Density) 

*(150)  Aoyama  and  Kanda,  Science  Repts,  Tohoku  Imp,  Vniv,  (1),  Vol,24  (1935),  p,  107 ,  (Vapor 
Pressure) 

(ISO)  Cath,  Coanun*.  Phyt,  Lab,  Vniv,  Leiden,  No.lS2d  (1919),  (Vapor  Pressure) 

*(1*1)  Dnnes,  Dorsnann,  and  Holst,  Connunt.  Phy$,  Lab,  Vniv,  Leiden,  No.  145b  (1914)  .(Vapor 
Pressure,  Critical  Data) 

(155)  ,  Proc,  K,  Akad,  Wetenech.  Amtierdom,  Vol.l?  (1915),  p,950,  (Vapor  Pressure) 

(1**)  Holst,  Proc.  Roy.  Acad.  Ameterdam,  V0I.I8  (1916),  p.829:  Connunt.  Phyt.  Lab.  Vniv,  Leiden, 
No.  148a.  (Vapor  Pressure) 

<*•*)  Onnes  and  Drank,  Proc,  Roy,  Acad,  AmHerdam,  Vol.ll  (1908),  p.333j  Connunt.  Phye.Lob, 
Vniv.  Leiden,  No,  107a,  (Vapor  Pressure) 

(155)  Sienens,  Ann.  Phyeik,  Vol.42  (1913),  p.871.  (Vapor  Pressure) 

*(155)  Johnston,  H.L. ,  and  McCloskey,  X.E. ,  J.  Phys,  Chem,,  Vol.44  (1940),  p.l038.  (Viscosity) 


*See  explanation  on  page  79. 
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*<«*■»■)  ftudenko,  J,  £»p.  Th*or4t.  Phyt,  (V.S.S.H.),  V«1.9  (J939),  pf>.1078»e0.  (Vi#co*ity) 
(!«•)  Bixlehko  *nd  Sch\ihtikom,  Phytik,  Z,  $itpj4iunt^n(V.S,S.ft,),  Vol.6  (1934),  p.470.  (Vi*eo*ity) 
(W*)  X.,  «ndP«es«l,  0.,  Phytia,  Vol.0  (1941),  pp.l33<43.  (Vi*co*ity) 

(iro)  V«r»ch«ff«lt  tind  Nictit«,  C»iifiuni,  Phyt,  Lab.  Univ,  Ltiden,  No.  149b  (1916).  (Vi«co*ity) 
<*^^>  Ni«*»n,  A. II..  Phil,  kof.,  Vol.32  (1941),  pf,.441-S6.  (Vi.co.ity) 

G*rf,  S.F.,  »nd  Giilkov.  J.  Ueh.  Pky*.  iU,S,S,R,),  Vol.ll  (1941) ,  pp.801.8. 

( VI  »co»i  ty) 

'  Oolkov,  G.I.,  4nd  Getf.  S.  F. .  J,  ftch.  Phys,  (U.S^S.R.) ,  Vol.ll  (1941) ,  bp. 613-16. 
(Vi«co«ity) 

Ucht,  W.  ,  «i«d  Suchort,  D.G.,  J.  Phy$.  Chtm. ,  Vol.48  (1944),  pp. 23-47.  (Vi#co*ity) 

(ifS)  State*,  Phyt,  Rtvi ,  Vol.21  (1922),  p.662.  (Viscosity) 

Yen.  Phil.  ka$.,  Vol.38  (6),,  1919,  p.Sft2.  (Viscosity) 

Andrsdi,  Naturt,  Vol.l28  (1931),  p.835.  (Viscosity) 

Holborn  snd  Otto,  Z,  Phy$ik,  ,  Vol.lO  (1922),  p.367.  (Thermsl  Expansion) 

Coppock,  Phil.  Hat.,  Vol.l9  (7),  1935,  p.446.  (TkerMl  Expansion) 

Jsquerod  snd  Perrot,  Compt.  rend.,  Vol.l40  (1905),  p.l542  (TberMsl  Expsnsion) 

Johnston  snd  Grilly,  J.  Chta.  Phyt.,  Vol.l4  (1946),  p.233  (Therasl  Condiuctivity) 

(.*«}  sehjiidt,  E. ,  phytik  Hit.,  Vol.3  (1937),  pp.  101-7.  (Theriwl  Ginductirity) 

(ISO)  Todd,  Proc.  fioy.  Soc.,  London,  Vol.A83  (1909),  p.l9.  (TherMl  Conductivity) 

Waber,  S. ,  Ann.  Phytik,  (4),  Vol.S4  (1917),  p.325.  Cnisrmal  Conductivity) 

(ISO)  Wi,;kelmann,  A.,  Pogg,  Ann.,  V0I.IS6  (1875),  p.497.  (Thermal  Conductivity) 

OSb)  Oi<.|,cn*,  Proc.  Ray,  Sec,  (London),  Vol,A143  (1934),  p.S17.  (Therotsl  Conductivity) 

Gregory  snd  Marshall,  Proc.  Roy.  See.  (London).  Vol.Alie  (1928),  p.594.  (Tharmal 
Conductivity) 

*(i*e)  Msthais,  E. ,  and  Onnes,  Proc.  A.  Akod.  kettnteh,  Antttrdam,  Vol .  13  (1911),  p.939. 
(Critics!  Dsts) 

Hector,  L.G.  ,  and  Woernley,  D.L.,  Phyt.  Rtv, ,  Vol. 69  (1946),  pp. 101-5.  (Dielectric 
Constant) 

*iSee  explsnation  on  page  79. 
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(iftO)  f>hytik  (4).  Vol.l9  (1906),  f>.739.  (He«t  of  V*porit«tioii} 

Euck«i),  B«r.,  Vol,18  (1916),  p.4.  (H«iii  of  Vtporitttion) 

(•**)  Math*i«,  E.,  CromnieHii,  C.A.,  gn<J  Otiiies,  Coapt.  rtnii.,  Vol.174  (1922),  pp.  1395-97. 
(H«at  of  VaporiEation) 

(*•*>  A.,  and  Cluaiua,  K.,  2.  pltysik.  Ch^tt. ,  B,  Vol.42  (1939),  pp. 395-421.  (Heal 

of  Vapori tation) 

(iOa)  CoMMUnt.  Phy*.  Lab,  Univ.  Ltiden,  No. 137c  (1911).  (Iloal  of  Voporitation) 

Rodobuah,  W.H.  ,  and  Troxol,  S.M..  J.  da.  Chta.  Soc.  ,  Vol.52  (  1930),  p.3467.  (Heat 
of  Pornatioii) 

*****  Copeland,  L.C.,  J.  da.  Chem,  Soc.,  Vol.52  (1930),  pp. 2580-81.  (Heat  of  Formation) 

(t*7)  Pickering,  Nat.  Bur,  Standatda  (U.S.)  Sei.  Paper*,  No.  541  (1926).  (Critical  Data) 

*****  HaAtaachel,  E,,  dnn,  Phytik  (4),  Vol.l6  (  1905),  p.  565.  (Equation  of  State) 

*****  Qrunaitch,  L.L.,  Sitiitr.  Akad.  Berlin  (1906),  p.679.  (Equation  of  S»ate) 

*****  Maroii,  S.ll.,  and  Turnbull,  D. ,  Ind.  Eng.  Ohea,,  Voi.33  (  1941),  pp.  408-10.  (Equation 
of  State) 

******  Amagat,  dnn.  cAin.  etphys,,  Vol.29  (1893),  p.68.  (Compreaaibility) 

*****  Eucken,  A.,  Ber. ,  Vol.18  (1916),  p.4.  (C^npreaaibility) 

*****  Holborn  and  Otto,  Z.  Phyaik,  Vol.33  (1925),  p.l.  ((^npresaibility) 

*“*^*  Molea,  E.,  Coapr,  rend.,  Vol.214  (1942),  pp. 424-25.  (Conpretaibi lity) 

*****  Fanning,  H.W,.  and  Whiffen,  A.C.,  Tran*.  Boy.  Sot.  (London),  Vol.A238  (1940),  213  -  28 
( aupplement) .  (CoMpreaaibi  lity) 

(»•>  Eucken,  A.,  FrrAandl.  p/>y*ik,  Getrll,  Berlin,  Vol.18  (1916),  p.4.  (Heat  Capacity, 
Entropy) 

(80t)  gnj  Meuae,  dnn.  Phytik,  Vol.40  (1913),  p.473.  (Heat  Capacity,  Entropy) 

*****  Lewie,  G.N.,  and  Randall,  M.,  J,  Am.  Ch*m,  Soc,,  Vol.34  (1912),  p.ll28.  (Heat  Capacity) 
*****  Schweikert,  Ann,  Phytik,  Vol.48  (1915),  p.593.  (Heat  Capacity) 

*****  Nernet,  W. ,  and  Vartenbarg,  H.,  Z.  phytik.  Chem,,  V0I.S6  (1906),  p.543,  (Heat  Capacity) 

*****  Lewie,  G.N.,  nnd  Gibeon,  G.E.,  J.  Am.  Chen.  Soc.,  Vol.39  (1917),  p,2S54.  (Heat  Capaci ty. 
Entropy) 


*See  explanation  on  page  79. 
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Nern*t.  W..  .nj  F.A.,  SUktrocUm..  Vol.J?  (1911).  p.817.  (lU.t  Cp«ity) 

G«y«r,  fi.W.,  inginctr.n*,  V61.159  (1945).  pp.  381.83.  423-24.  (H«t  C.p.oity.  Entropy) 
’  UW3i!"ppI  PP.682-84,  Vo). 55 

'^"''cgJ.'cUy)'  *"'*  ''“‘•S’  “'■>35>*  PP.1399-1401.  (H*,t 

'*“*>  S»,)lwood.  J.C..  /nd.  f„g.  chr,..  Vol.34  (1942),  pp.e63.64.  (Ilo.t  C.p.city) 

'*'*'c5c1t’y/‘  “*‘  ''"‘■56  (1934).  PP.2311.12,  (liont 

Spoftcor.  II. M..  J.  An.  Chtm.  Soc.,  Vo). 67  (1945).  pp. 1859-60.  (Hoot  Copocity) 
'"*”’?iC'apio?t;)‘"'*  G.N.,  .1.  ,4..  C).*a.  5o..,  Vol.64  (1942).  pp.25il.l3. 

‘®’‘>Lourio,  li,,  CAoleur  tt  ind..  Vol.ll  (1930),  pp.423.35.  (Hott  Copocity) 

MJttr»ch«ll,  Z.  Sliktrochtm,,  Vol.l7  (1911),  p.34S.  (Hoot  C.pocity) 

^  Enlrgy)  '  **  "**'  Vol.34  (1945),  pp. 143.61.  (Fro* 

Uwi*.  G.N..  .nd  R.nd.11,  M..  J.  4..  CAon,  5oc. ,  Vol.36  (1.14),  p.l969.  (Froo  En.rjy) 

(895)  II  I  ^^4  WaII.-..  it  •  <  ... 

(I933):  p.'5Vf5'.7'Fro;E„”:;/;r‘’  ■'*  "•*  Vol.ss 

O.ft,,  d.  4n.  C'ftr..  5oc..  Vol.47  (1925).  pp.1944-45.  (Hoot  of  Di,.oci*tioiv) 
**"\H“oc[.%‘?on)^’"'’  "•  ''“***'•  (1939).  pp. 47-48.  (Therm.) 

(886  ^  n  • 

'Birgo  .nd  Spon.r,  Phy,.  «rv.,  Vo). 28  (19*26),  p.259.  (H..t  of  Di..ocUtion) 

I  8flB  \  M 

D.xtor,  W.P.  .  J.  4,.  Ch<m.  Soc.,  Vol.52  (1930),  p.3468.  (He.t  of  OU.oci.tion) 

0*yg«n  Fluoride 

<*=>“>  Ruff  .nd  Monro).  Z,  o««„.  Cho...  Vo). 190  (1930),  p.257.  (Phy.io.l,  Therm.)  Proportio.) 

<”‘>Ruff  .nd  Mon.ol,  ««org.  Chcm..  Vo). 198  (1931),  p.39.  (Boiling  Point.  Don.ity) 

*-*‘'^*“  ***^  DomiohB.  Co.pt.  r<nd..  Vol.188  (1929),  p.l2S3.  (Den.ity) 

'Seo  okpi. nation  on  page  79. 
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Ozone 


Riescnfeld  »nd  Schwab,  Vol.55  (1922),  p.2095.  (Melting  Point) 

*'*“*>  niesenfelJ,  Z.  SiektroeUa.,  Vol.29  (1923),  p.ll9.  (Melting  Po»»0 

>  Pieaenfold  and  Schwab,  Z.  Physik,  Vol.ll  (1922),  p.12.  (Phyaica’.  Propcrtice) 

(9i>6 )  Driner  and  llindotmanii.  Well'.  Chia.  deta,  Vol.16  (  1933),  p.207'  (Doiling  Point) 

* >  Spangenberg.  Z.  phytik.  Chca.  .  Vol.119  (  1926),  p.-ilO.  (Vepor  Pressure) 

1  nioseiifeld  and  fleja,  Z.  onorg,  u,  oUgcn.  C/iea.  ,  Vol.132  (  1923),  p.l79.  (Vapor  Pressure) 

* >  Kel  ley.  K.K..  W.S-  Bur.  Wines  DulLJK.J  (1935).  (Heat  of  VaporitfltiOii) 

>  Berthalot,  Ahn.  chi*,  xt  phyt.,  Vol.lO  (10??).  p.l62.  (Heat  of  Formation) 

Jahn,  Z,  anorg.  u.  allgt*.  Che*.,  Vol.60  (1908),  p.337.  (Heat  of  Formation) 

'***>  Kailan  and  Jahn,  Z.  aiiorg.  u.  allge*.  Che*.,  Vol.68  (1910),  p.243.  (Heat  of  Formation) 
Perrin,  /(nn.  Physik,  Vol.ll  (1919),  p.S-  (Heat  of  Formation) 

*  (#44  )  Gunther,  Waaamuth,  and  Schryvor,  Z.  physih,  Che*.,  A,  Vol,lS8  (1932),  p>297  .  (Hoot 
of  Formation) 

*(945)  anjj  J,  Che*.  Phys.,  Vol.2  (1934),  p.294.  (Heat  Capacity,  Free  Energy 

of  Formation) 

Lewis,  G.N..  and  Randall,  M.,  J.  A«,  Chea.  Soc.,  Vol,36  (1914).  p.l969.  (Heat  Capacity) 

(#47)  nichnri,  F. ,  and  Jacobs,  A.,  Ann.  Phytik  (4),  Vol.l9  (1909),  p.639.  (Ratio  of  Specific 
Heat  s ) 

'*♦*)  Kassel,  J.  Che*.  Phyt.,  Vol.l  (  1933),  p.414.  (Free  Energy  of  Formation) 

^  Manchot  and  Bauer,  Z.  anorg,  u.  allgea.  Chea,,  Vol.133  (1924),  p.341.  (free  Energy 
of  Formation) 

>  Riesenfeld  and  Ueja,  Z.  onorg.  u.  allgea.  Chea.,  Vol.133  (1924).  p.24S.  (Free  Energy 
of  Formation) 

’<***>  Shand,  W.,  and  Spuer,  ».A.,  J.  A*.  Che*.  Soc.,  Vol.65  (1943),  pp.l79,  2481.  (Freo-Eiiergy 
Function,  Entropy) 

<*®*>Wulf,  O.R.,  J.  A*.  Che*.  Soc.,  Vol.54  (1932),  pp. 156-60.  (Dissociation; 


*See  explanation  on  page  79. 
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